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Preface 


I m student of building, whether he is a potential Architect, Engineer. 
Surveyor or Builder, must be literate in sound construction based on good 
design. This implies an appreciation of all the important aspects appro- 
priate use of materials, sufficient strength and permanence, maximum utility, 
an 1 good proportion and grace. The appelations ' traditional \ 4 modem \ 

1 contemporary ’ or whatever, arc immaterial in deciding what is good - 
principle and not fashion is the only legitimate yardstick. 

Aichnccture is concerned with the design of buildings right down to the 
last detail and is much nmie a matter of teamwork thae it was in the past 
because of the immense complexity of the task, and the icnumerable varia- 
tions made possible b\ the vast number of new materials and techniques 
available. # 

Many progressive aiJutecis have produced and aie developing different 
giammais ot construction, using modern techniques and materials. Leading 
journals aic contmualh publishing good details irom the offices of architect- 
(some give excellent cost information): diis stream of information is helping 
m the codification of modem construction. This transitional phase will hst 
lor some time and c m onl\ end when prices have been stable for a long time 
and international standards of modular co-ordination have been geneiallv 
accepted. 

Several channels ol development are discernible, some of which demand 
m linly fitting techniques, c.g. the Hertfordshire schools or the Fullct domes, 
others which involve site or in sun casting of concrete. Both the economic** 
of, and a moic lational nppioach to, smaller building work is encouraging 
gi eater use of short boie piles, strip foundations and simple rafts tor unde* 
structure; whilst fianics and various spanning s\ stems will become mi r e 
widel) known. Hie introduction of fi os t proof lightweight insulating blo-k 
may give the bncklajei a new lease of life in externa 1 walling \vork as tae 
importance of insulation (? moit general appreciated. Cladding is now. 
quite wrongly, oiten a matter ol fashion; timber siding is now * out \ and 
some are tiring of the curtain wall. Once again choice should depend on 
pi inciple, but the factors aie sometimes so variable and involved that decision 
is difficult. 
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PREFACE 


This edition has been completely rewritten with this background in mind. 
The matter is grouped in elements as far as practicable in the sequence of the 
building operation, but in some cases, for clarity, techniques relating to the 
same material have been taken together. It is not possible to be entirely 
Comprehensive within the ;pan of one volume, but it*aims to describe ’the 
principles of elementary construction and the more important solutions to the 
pioblems laised by their application. 

Very little of die material in previous editions is retained here. This may 
be missed by some of those schooled in easier times. Even if it is thought 
that these forms of construction are met with now, there is no doubt they 
will very soon become obsolete. 

For a fuller understanding of the subject, this book should be read in 
conjunction with the publications referred to in the text and footnotes. 

This volume covers the work fof the first stage of most professional examina- 
tions. More advanced work is covered in the two volumes of Advanced 
Building Construction published by Batsford. 

[ would like to thank the trade and development associations, manu- 
facturers, government departments and official bodies who have supplied 
information for this book. The majority of these ,are acknowledged in the 
text footnotes and drawings. 

In particular I would like to thank Denzil Nield, A.R.I.B.A., for under- 
taking the job of reading the MS and making many valuable suggestions. My 
thanks are also due to the draughtsmen of die many new drawings: Betty 
Blessley, A.A.Dipl., A.R.I.B X , David Brown, R.W.A.Dipl., A.R.I.B A., 
A. A. C. Staples, Bernard Knight and Michael Curnock. 


RAYMOND MOXLfcY 
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General Considerations 

Bn ore getting down to details of construction it is as well to have a clear 
idea of what happens before, during and after a building is constructed and 
who ate the people involved. 

Building Owner. May be one individual, a company or a committee of a 
local authority or some other body. He is usually refeired to in the industry 
a? the ‘ employer ’ and is so named in the R.l.B.A. Contract document. 
Frequentlv the employer has very little idea of precisely what he wants in 
the way of building or how much the spaco he wants will cost. 

Architect. The emplcvci calls in an architect to advise him. The architect 
will make a careful analysis of the employer’s requirements and find out how 
much ho is Willing to spend on the project. From his own experience and by 
consultation with his quantity surveyor the architect will know approximately 
the avenge cost of buildings similar to that which the employer requires.* 

The architect is trained to think of the building in three dimensions, i.e. 
as a series of volumes or envelopes which he carefully relates into a well- 
proportioned whole. To produce a building which is well constructed, is as 
efficient and useful as*possible to the owner, and is delightful to look at, and 
walk in, is a highly skilled job needing many years of training and experience. 

When the architect’s sketch designs are sufficiently advanced a firmer 
check upon the cost is made. 

Approvals. The architect prepares from the sketch designs, draft l/8th 
scale working drawings, draft details and a specification. The specifica- 
tion describes all the work tfyat has to be done, defining as far as possible the 
standard of workmanship and the quality of materials. The form and con- 
tent of this document is undergoing a certain amount of change at the present 
time. 

The l/8th scale working drawings and specification, having been approved 
by the employer, are sent to the City Surveyor or Engin e, or the Urban or 
Rural District Council Surveyor for approval, ^p^cial committee, under 
the local Building By-laws.® Most local Building By-laws are based on the 
Ministry of Health Model By-laws which have recently been revised. 

* The Architects * Journal prepaies Cost Analyses of current buildings in a special form 
which is most useful to the architect when considering shape gnd volume, the choice of 
constructional system, muUyials, and finishes. 

in/ I o 
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By-laws. Building by-laws ensure that the building is properly constructed 
of durable materials in such a way that it will be dry and healthy to live in. 
By-laws regulate details of drainage, damp-proof courses, foundations, the 
size of windows, size of opening vents, position and number of w.c.’s, the 
'ipace about buildings, construction of flues, size of hearths and many other 
vital factors. The architect must ensure that his building conforms in every 
respect to the by-laws. 

Planning Permission. Additional l/ 8 th scale drawings are sent to the 
local Planning Authority (County or Cit) Planning Department), usually 
through the local council, for approval under the City or County Plan. The 
Planning Officer is interested in the siting of the proposed building, its 
relationship to the highway, whether the building is of ‘ suitable use ' for the 
neighbourhood, e.g. he would not permit a glue factory to be built in the 
middle of a residential neighborhood, whether in his opinion (he appeal a nee 
of the building is satisfactory and whether or not the building will harm the 
* amenity ' of the pcighbourhood C amenity ’ can mean almost anything). 

For a more complex building it is as well for the architect to l consult with 
the By-law and Planning Authority to make sure that various points of his 
design aie understood and appreciated properly. « 

Drawing Office Stage. This is a very vital stage which is not muall\ given 
sufficient time and thought. It is the architect's job to makf the mistakes 
on paper so that as lew as possible are made on the site. At this time the 
building owner is usuallv getting impatient and pressing the architect to get 
something started. It is vital that the working drawings, details, schedules, 
etc., are carefully and proper!) considcied if the client is to build within his 
budget and the building is to be completed on time. 

Bill of Quantities. When the architect has completed the working draw ing>, 
details and schedules, they aie passed to the quantity surveyor (in cases 
where the job is big enough) so that he may prepare a bill of quantities. 
This is an involved process which results in a bill giving the quantity and a 
precise description of all the labour and materials shown, described, 01 
indicated in the working drawings and other documents prepared by the 
architect. The hill of quantities has been used until recently solely foi 
builders to prepare an estimate from. It is now being extended in certain 
cases to give additional information on labour content, or to assist the 
organisation of the job, or to assist the 'architect or quantity surveyor in 
producing a cost analysis of the job in comparison with other buildings. 

The bill of quantities is then sent to several selected builders foi them to 
prepare tender prices. In some cases one contractor is selected and a price 
is negotiated with him. 
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Smaller contracts, which do not have bills of quantities drawn up for them 
(under £4,000 value), are tendered for by builders on the architect’s drawings, 
details and specification. This makes the job of the builder’s estimator very 
much more difficult. 

Estimator. Normally the estimator’s job is put rates against each of 
the items in the bill and to multiply these rates by the quantity of labour ol 
materials shown in the bill. When this has been done, all the items arc totalled 
up and with any necessary adjustments this total forms the contract sum sub- 
mitted to the architect. 

Where quantities ate not provided, the estimator must do some measuring 
in order to arrive at a contract sum. To do the job thoroughly a great deal 
of ^ork is involved. In many cases the jot is \supercd ’ (i.e. the total numbei 
of square feet ascertained and multiplied by a rate which is known from 
experience to cover the cost of the type of wrnk concerned). If the contract 
is a small one and any c rors in judgment arc made, the losses are relatively 
small. 

Tenders. The architect usually specifies that all the estimates prepared by 
builders, i.e. the tenders, must be submitted by a certain day. On this day 
the architect, often in the presence of the employer, opens the tenders and 
usually the lowest tenderer is selected as the contractor. If the lowest tender 
is very much below the others «t may indicate a mistake in the calculations. 
The owner is not obliged to accept any, or the lowest, tender. 

Contract. This document lays out the respective lights and responsibilities 
of the employer and the contractor. It mentions the architect and the 
quantity surveyor, specifies the contract sum, states the date on which the 
site may be entered by the contractor, the completion date, the amount of 
money to be pajd by the contractor if he fails to complete the building to 
time, and many*othcr important details concerning the management of the 
contract. It is signed by thcjcontractor and by the employer. 

Builder’s Planning. The builder must now be allowed a period in which to 
organise the work and to become familiar with the drawings, schedules and 
specification. He is usually unfairly expected to enter the site immediately 
and to start work straight away. But he cannot begin work efficiently unless 
he has spent a reasonable amount of time planning, at least, the first stages 
of the work. # 

Setting Out. The first aeflon of the builder is to peg out roughly the shape 
of the building on the ground. He then carefully sets up one or two base 
lines from the architect’s drawings and from this erects profiles at the corners 
of the main walls. He drives in pegs at the exact levels of the various floors. 
The architect is responsible for checking the main outlines of the walls of the 
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building, but has no responsibility for setting out thereafter. If much excava- 
tion has to be done over the site, this must be completed by the earth-moving 
equipment before the precise setting out is undertaken. Excavation of the 
foundations is then undertaken, the basement, if there is one, by digging 
equipment and the foundation trenches by hand or by trenching equipment, 
if the ground is suitable. Alternatively, the foundations may rest upon short 
bore piles or normal piles, etc. (p. 1 8 ). 

Drainage. If the building is unlikely to settle appreciably it is sometimes 
convenient to excavate and lay the drains at this stage. At this stage also it 
is usual to bring on services such as water and electricity so that the site is 
not cut up with service trenches during the main course of the work. If, 
however, the building is a heavy one and is likely to settle, it is as well to 
leave the drainlaying section of the work until the building has settled. 

Concreting. Next, the foundations are concreted ready to receive the 
superstructure. 

Superstructure. .If the walls are to be of biick or block, the bricklayers 
now proceed to lay walls on the concrete foundations. If it is t£> be a frame 
structure, then the steel or concrete erectors move on to the site to complete 
their work. 

Building Inspector. The Building Inspector of the local authority calls on 
the site from time to time to inspect the works to sec that they Conform with 
the by-laws. 

Roof. When the walls or frame has been completed the next step is to 
cover the roof by erecting the roof carcassing and carpentry work or by pro- 
gressing up each floor level with, for example, concrete floors until the roof 
concrete is complete. Once slates, tiles, felt or asphalt waterproofing woik 
has been completed, the windows can be fixed and glazed and the fitting and 
finishing work put in hand. 

Services. The electrician, plumber, gas fitter and the G.P.O wiremen 
now attend lo put the main runs of their service cables or pipes in the structure 
before the walls are plastered. These trades usually have to make a second 
visit to complete their installations once the plastering and other finishing 
has been completed. The heating engineer fixes his boilers and pipe runs, 
installs the radiators, heating panels or coils. 

/Plasterer. The plasterer then follows, plastering the walls and laying the 
floor screeds level and even, to receive the floor linishcs. 

Carpenter and Joiner follow to fix skirtings, door linings, doors, architraves, 
staircases, cupboards, panelling, and so on. 

Painter and Decorator. The painters an^ decorators move in to paint or 
polish the woodwork, to decorate or paper the^ walls find ceilings. 



GENERAL CONSIDERA I IONS 


5 


Floorlayers and other Trades. The floorlayer likes to be the last on the 
job, but so does the painter and decorator. The floorlayer complains of the 
drops of paint from the ceiling and the decorator complains of the floor- 
layer's adhesive marks on his newly painted skirtings. Perhaps the last of 
ali should be the elactrician with his electric light fittings. 

External Works. While the last stages of the job arc in progress the paths, 
garden, drives, parking spaces and planting is put in hand so that by the time 
the internal work is complete so will be the external works. 

Certificates. The quantity surveyor visits the job from time to time and 
values the amount of work that has been done and the value of the materials 
delivered to the site. From this he works out the amount of money due to 
br paid to the builder, less a percentage which is kept back in the ‘ retention 
fund \ Half of this fund is paid to the contractor on completion and the 
other half at the end of a period, usually six months after completion. This 
sum ensures that the builder will return to repair defects which are his 
responsibility during this defects liability period. 

Supervision. During the course of the contract the architect makes 
regular visits to the site to inspect the quality of work and materials, and to 
check l^at the building is being properly constructed in accordance witli his 
drawings. He often arranges site meetings with the building contractor, the 
quantity surveyor and any specialist contractors who are being employed to 
do specialist work, c.g. flooring, electrical work, plumbing work, special 
equipment, etc. 

Clerk of Works. If the job is large enough the employer will appoint 
a clerk of works, nominated by the aichilcct, to keep in dose touch with the 
architect’s oflicc on all matters relating to the work on the site. 

/Foreman. The foreman is t ! , c builder's senior representative on the sue 
and is responsive to him for the running of the job. Sometimes ho is also 
expected to do the oideringpf the materials, but this is more usuall} done ir 
the builder’s oflice. The foreman often has a checker to assist him. whose 
job it is to inspect all deliveries of materials to see that they tally with the 
orders and the invoices, and are up to the standard specified. 

Final Certificate. When the building has been completed for six months, 
or whatever period is stated in the contract document, the architect and the 
quantity surveyoi inspect the w r ork and the buildc r# is instructed to put light 
defects which are his responsibility. This having been done, the quantity 
surveyor prepares the final accounts, and from these, when they have been 
agreed with the builder, the architect prepares the final certificate for payment 
by the employer. ^ 

Maintenance. Now comes an aspect which is sometimes not properly 
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considered. If the architect and builder have done their work properly, the 
amount of money that the building owner has to spend annually on 
maintenance will be relatively small. Too often committees and local 
authorities have regard at the building stage solely to the contract sum, 
i.e. first cost, and do not ponsidcr the value of payirtg a little extra ft)i 
materials that need less maintenance and so save money in the long run. 
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Survey 

Ordnance Survey. The in st step is to obtain an Oidnance Sui\ey map oi 
the particular site These maps aie published in several diluent scales, the 
one which applies most in this case is that of 1 /500th, i e 1 in on the map 
equals 500 in on the site 

It ib frcquentl) found that boundaries shown on the Oidnance Suivev 
ir n, whilst leasonably accurate for the ] urposcs of the map mukei arc not 
sufficient!' accurate lor a building site This is ^specially tiue ol confined 
sites in towns • 

Ohjeet. It is iicqucnt^ necessary to make an accui itc suiuv ol b i Idmg 
site It is nccessaiv +o know not enb> the sliape ol flu ^itc and the m r e ana 
shape ol cfh) obstacles such as ponds or buildings that exist within the 
boundaries ol the site, but it is also impoitant to know how the sue lopes 
>ui\e)* aie icquned to pioduce this inhumation One is tailed i chain 
suivc) md the othei \ »c\ulmg urvcv 

CUM N SI RALY 

1 ngmeor's Cham. This consists of a senes of sted wire links t ch i lout 
long measuring altogcthei 100 It c\actl\ At tach end is a handle with a 
swivel “O that when the ch tin is pulled tight it uues not kink \t t ich 10 t 
point is a charge tcnstic tally 

Jape. I or \"i\ Peculate me isuicmcnt a steti tape usually 100 It long, is 
used Olhciv lse a linen tage may be used ol innl ir length The hntn tape 
miM be cleaned and dried at the completion of the suiu\, a sted t i^e nuis. 
be cleaned and drud and hghllv oiled 
Ranging Poles. Ihcse aie used to mark important positions in . sur\c\ 
and to assist in keeping long chain lines straight and tiue The^ ate po 1 
b ft, 8 it oi 10 It long with a steel shoe oi spike and a r c usualh painttd in 
loot length bands led, white ind black * 

Field Book. This js liBe a rrariow i roilet s notebook, but instead n 
having lionzont.ll lines drawn on it, it is divided vcitieally into three columns 
It is usual to start the entries m a Field Book at the bottom ot the last page 
Lntnes are made upwaids as Ihg suivey proceeds The first entn is the date 
and the name of the purveyor followed by a sketch plan of the site which 

7 
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may be made fiom the Ordnance Survey, or trom an inspection of the site. 
The ccntial column is kept fiee of sketches and notes and is used for the 
entry ot tunning dimensions The columns on cither side are used for offset 
distances and diagrams indicating the nature of boundanes, obstacles, etc 

* Planning the Survey 

The mam survey lines usually can be laid out in many ways The method 
employed depends upon the nature of obstacles in the site When the method 
has been decided, the suivey lines arc dr<i vn on the sketch plan at the 
oeginnmg of the Field Book, the intersections 01 corners are letttred The 
survey lines themselves can also be numbered The ends of the survey or 
chain lines arc known as stations The longest chain line is known usually 
as the base line and is measured hist 

« 

Procedure 

PI ice ranging pok> at principal station points The team consists of two 
men, the surveyor and the chainman The chainman proceeds hist and the 
surveyor, holding the othe. end ol the chain, stands at the beginning of the 
line When the chain is tight the survey oi lines the chainman up with the 
tanging pole at the end of the line The chainman has in his hand ten arrows 
These are 18 in lengths ol wire with a lag lor identification tictl at one end 
He places one of these airows into the ground at the 100 ft mark The 
bimeyor then proceeds up the chain line and measures any offsets that arc 
necessary. The chainman then pioceeds on towards the end of the baseline 
until the chain is once mote tight He places another arrow in the ground 
once he has been lined up with the rangirg rod by the surveyoi The survey oi 
then lemoves the fust arrow and proceeds to measure any offsets trom the 
chain that arc ncct^sarv By this method of handling the ariows, a check is 
kept upon the number ol chain lengths « 

Offsets. Every irrcgulaiily in the shape of the boundaiy is plotted b\ 
measuring a line from it to the neuicst chain-line These lines are called 
offsets and must be at right angles to the cham-lme. It is sufficient to 
judge these right angles by eye up to a distance of about 25 ft. Offsets oi 
greater length than this should be set out by the 3 • 4 * 5 method or by a 
c r oss stall oi by an optical square 

The 3 * 4 * 5 method is based on the fact that a Viangle with sides 3 4.5 
or multiples of these dimensions, contains a right angle This can be set out 
easily with a tape 

Slopes. On ground that slopes any more khan one in twenty it is important 
to make some allowance foi the loss of length flue to /he slope. This may be 
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done by stepping. This is achieved by holding as much of the chain or tape 
as is possible truly horizontal without appreciable sag. A ranging rod or a 
plumb line may be used to mark the foot of each step. 

Station Pegs. It is sometimes necessary to place station pegs in station 
points in place of file ranging poles so that thgsc may be removed safely. 
These station pegs are useful in relating the grid for the levelling survey, to the 
chain survey. 

.Plotting. The information written by the surveyor in his Field Book 
should be sufficiently complete so that any other person could plot the survey 
from the information without having to revisit the site. Do not use an un- 
usual scale; do not forget the north point, the title and the scale. A 
si » ill location plan is useful showing the iclationship of the site to roads and 
other important features of the neighbourhood. 

Triangulation. It is important to note that no station should be isolated, 
but that all stations should be tied up with at least two other ones H\ chain- 
lines. Thus the site is covered by a series of large triangles so that there is 
no doubt tlfat the location of each station can be accurately plotted. 

Other Features. It is almost always necessary to inspect the site and its 
surmundings from the point of view of future development. It may be 
necessary to provide as far as possible answers to the following questions : — 

1. Any local electricity supply? 2. Water supply? 3. G.P.O. lines? 
4 . Any marshy or boggy ground? 5. Any made-up ground? 6. Which 
direction does the sit£slope ? 7. Where is the view ? 8. Is the site overlooked 
by other buildings? 9. Are there any trees on the site, what varieties, 
ages and condition? 10. Is the site in the lee of a factory? 11. If the site is 
not close to a main drainage system, is there sufficient room for a septic tank 
and filler bed aijd its effluent drain? 12. Are there any windows overlooking 
the site which may be the subject of an ancient light dispute? 13. What are 
the local amenities ? busc%— trains— shops, 

LLVELL1NG SURVEY 

Grid. A square gnd is set up on the plotted chain survey, and as far as 
possible related to the stations used. The size of the grid depends upon what 
has to be done to the various parts of the site, f dr instance, where there is 
to be garden it may not Be necessary to have a grid smaller than 100 ft. 
Where the building is to be placed it may be necessary to have the grid as 
close as at 10 ft centres. If the site is fairly even it may be satisfactory to 
have the grid as far apart as at %5 ft centres. 

Setting-out on the Site. The ends of the grid lines are established by 
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reference to the existing station pegs Ranging rods are then set up at these 
pouits The staffman then pioceeds down the first grid line with the chain 
in the same manner as lor a chain survey and he places the staff in tuin at 
the grid points, i e 10 ft or 25 ft oi at 100 ft intervals The surveyor takes 
readings of the staff at each point with his dumpy or Quickset level • 

Staff. A Sopwith stafT is most usually employed The telescope of the 
surveying instrument does not usually rectify the image, and so the surveyoi 
must get used to reading the staff upside down The statf is usually 14 ft 
high but md) be less and is either folding or telescopic It must be held 
pcifectly upnght and steady and must face propcrlv the suivey ng mstru 
ment It is important that it should be placed on aveiage giound, that is to 
say, not in a rabbit hole oi on top of a molehill 

Level. One ol the most common kvcla in use toda\ is the Quickset Ic\cl 
which consists of a telescope aligned with a bubble of long ladius and wl iJi 

mounted on a umvcrsd bill joint that can be tightened by i ling sutw 
The bubble can ob er*ed tioin the viewing position thiough a minoi 
There me adjusting screw* foi focusing the telescope tor tdtmg the telescopt 
foi ti iversing it and foi itleaMi g the traverse There is a sm ill cnculn 
bubble foi gedip s the k cl icu^hh hon/ontal when lnitnllv set/ mg u} 
Theic is also a tit'eismg s*. ik mi ked ir decrees, with a pointer 11c 
msliu nent is rmmted on a mpod winch must be firmly positioned bticic 
commencing woik 

Reading Procedure fust elite f to ste ih t the \u\icd hut e in be cc ) 
cleaily Put the telescope out ol focu>, tricn adjust thecvepicce so tint tl 
rossb in comes cleuK into vitw I hen tike u id mgs as follov s 

1 Ti ivci^e the tel oCope until the si itT comes into view 

2 I ocus ck ui on to the st dl 

1 Levd the instiument *ith Uic kvdling crew 

4 Read the st ifi 

It should be noted heic that the l iff is divided up into decinnls oi i toot 
md not into inches 

Datum. It mav Lc ncecssaiv to lclatc the levelling suivcv to Oidnancc 
Suney datum f oi tl is it is liceesstry to inspect the Oidnanct Suivey map 
On the tace of the Ordnance Survey map will be found numerous spot 
heights, these mc represented on the ground by^bench maiks whieh consist 
of arrow heads under a hou/ontal line eaived into steps, walls plinths oi 
other permanent objects 

Once the neaiest bench maik to the site hjs been found it is then necessary 
to transfer this bench mark level to the site^by means of a Hying I evel 
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This is done by placing the foot of the staff at the horizontal line of the 
bench mark and taking the instrument as far from it as possible (but not 
more than 300 ft, which is the usual maximum limit at which it is possible to 
read). A reading is taken and, keeping the instrument in position, the staff 
is moved 300 ft beyond the instrument in the direction of the site. This 
process is continued until some permanent object on the site or a peg is 
established whose height is then known relative to Ordnance Survey datum. 

It may not be necessary to relate the survey to Ordnance Survey datum, 
but merely to the level of the sewer which ; s to be used for the proposed 
building. The local surveyor will be able to tell you the height of any man- 
hole cover in his area and the depth of the invert of the sewer concerned. 
One of the objects of preparing a levelling survey is to determine whether or 
not the drains of the new building will be able to run satisfactorily into ihe 
local authority’s sewer. It is thorefore quite usual to use a manhole cover 
or some other permanent object as an assumed datum. The drawing on 
p. 11 shows a cros^- sect ion of a &urvcy line working from such an assumed 
datum. 

Backsight. The stalf position at A is shown on a manhole cover in the 
road. The instrument is shown at its first position X on the site. The first 
reading that is made through the instrument is called the Backsight. This 
term refers to all first readings in all new instiument positions, # cver« though 
the reading may be made in any direction. 

Foresight. Similarly, the last reading taken from* any one instrument 
position is called a Foresight. Tor example, from instrument position X, 
staff position C is a Foiesighl; ltom instrument position Y, staff position I') 
is a Foresight. 

Change Points. It will be noticed that when the giound rises oi falls 
beyond a certain point it is no longer possible to see the fo'ot or the lop of 
the staff from a particular instrument position.^ It then becomes necessary 
to keep the staff in the place where the last reading was made and to move the 
instrument higher up or lower down. From the drawing on p. 11 it will be 
seen that C is such a change point and that the instrument has been moved 
uphill beyond to Y. 

Never move both staff and instiument at the same time. Either the staff 
should be kept in position or the instrument should be kept in position, 
otherwise track of the levels is lost. 

Intermediate Sights. This is the term used for sights on to the staff taken 
between foresights and backsights; for example, positions B, E and F. 

Line of Collimation. This is a true horizontal line taken from the centre of 
the eyepiece of the instiument and parallel to Ordnance Survey datum. If 
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the instrument is out of adjustment and the axis of the bubble is not parallel 
to the axis of *hc instrument, inaccurate readings will result 

Adjustments. There aie two normal adjustments - 

A. The bubble axis may not be parallel with the line of collimation In 
older to coircct this, set the Level up, level* it carefully bv reference to 
the bubble, turn the telescope through 180 J . 11 then the bubble is not 
in the centre of its run, bring the bubble half-way back to its central 
position by means of the levelling screw and bung it the remainder of 
the way with the capstan-headed adjusting screw attached to the bubble 
tube 

B The axis of the lelescojK mav be out of line \\ th t^-c line ol collimation 
In ordet to adjust this set ilh Livci up between i\\o pegs 150 t* apart 

R»sf * sl> 1 Al i Mi moo 
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on reasonably level ground. Place the staff on peg A and take a 
reading; for example, 5-30. Place the staff on peg B and knock the 
peg in until the reading is the same. The two pegs will then be level, 
despite the fact that the Level is out of adjustment. Now move the 
instrument 5 ft from peg B, take a reading on peg B and then take* a 
reading on peg A. If the readings differ then adjust the diaphragm 
which contains the crosshairs until the readings are the same. 

Booking. There aie two methods of booking levelling readings. One is 
called the Rise and Fall method and the other is called the Collimation oi 
Height of Instrument method. Special levelling books arc printed with the 
appropriate number of columns for cither method. 

Rise and Fall Method. The difference between each succeeding reading is 
entered in either the Rise or the Fall column. Tf the reading is larger than the 
preceding one the difference is cptcred in the Fall column, if it is smaller the 
difference is entered in the Rise»column. 

If the site is not too fai from the office it is usual to leave the calculations 
concerned in finding the rise and fall and working out the Reduced Level, 
i.e. the actual level of each staff position in relation to datum, iftuil the 
surveyor returns to the office. If errors are found it is theij possible to 
return to the site to repeat the necessary part of the survey. If, however, the 
site is difficult to reach from the office, it is advisable for the surveyor to work 
out the rise, fall, and reduced levels on the site. 

It is advisable to attempt to end each page with a foresight and begin each 
page with a backsight. It is then possible to check each page as follows: 
add up the backsights, add up the foresights, and find the difference. Add 
the rise column and the fall column, the difference should eqyal the difference 
between the backsight and the foresight column. 

The distance, along each chain line or grid tine should be entered as a 
running dimension in the distance column. Remarks should be kept to 
details of the survey. 

Collimation Method. In this case each succeeding reading is subtracted 
from the last calculated collimation. height, i.e. the instiument height from 
datum. This produces the reduced level at each staff position. 

As before begin each page with a backsight and end with a foresight. In 
order to check add the backsights, add the foresights and find the difference. 
Then find the difference between the level of datum and the last reduced 
level. This should equal the difference between the backsight and the fore- 
sight totals. 

It is advisable at the end of a site levelling syrvey to take flying levels back 
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to the datum point in order that the degree of aeeuiacv ui the survej mav be 
checked. On very small si^s vvheie no change points aie^neccsv.i v. it is 
difficult to put a check on the suive). It maj then be necessary to miroduu. 
a change point in order that die suivev mil) be checked. 

OT H 17 K SURVEYING NbCHNlQUES 

Plane surveying may be done with the use of a piano tabic. This consists ct 
a small drawing board mounted on a trip n] which can be levelled. A piece 
of drawing paper is fixed on to the drawing tabic and the equipment set up 
over the first station. A site rule oi alidade is then used so that other station 
points can be sited and plotted directly. There are several methods of using 
the plane table: (a) radiation, # (6) intersection, (c) traversing, (<i) resection. 
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Plane surveying is a quick and effective method more suitable for drier 
climates. 

Theodolite. This instrument is used for measuring horizontal and vertical 
angles. It is used more in civil engineering work where the difficult nature 
of the ground may make simpler methods of surveying impracticable. 

SURVEYING EXISTING BUILDINGS 

It is often necessary to make accurate sur eys of existing buildings for the 
purposes of planning alterations or additions. Confusion can arise if a 
definite method is not followed. The following is a description of one of the 
methods which can be used. 

Reconnaissance. It is first necessaiy to inspect the building on all floors 
to get to know the general layovt. Find out which walls are structural and 
which are merely partitions. Structural walls usually pass up through several 
storeys but they may not do so on some of the upper floors. It is possible 
to get some idea of the construction of walls by sounding the*n — that is to 
beat them with your fist, or to tap them. A stud wall will sound hollow in 
parts and solid in others. A thin breeze partition will vibrate, partitions 
3 in. and over are usually too solid to give any indication of their nature. 
The actual measurements of the survey will reveal a good dcalt>t information 

to the construction of the \arious walls. 

There is a convention that plans are drawn 4 ft up from floor level, if 
there arc clearstory (high leve 1 ) windows these should be dotted on plan. 

Equipment. Use a sketch book of tracing paper, faiily large, say 10 in. x 
6 m. It should have a stiff sheet of card hinged at the side to fold under 
each sheet of tracing paper as it comes into use. The point of tracing paper 
is, that once the ground floor plan has been traced, it is easier to sketch in 
the upper floors by using the ground floor plan on the lower sheet as a basis. 
It is therefore wise to start at the back of the book as is the case with the 
field book. A bail-point pen is very useful as it produces a line which is 
easy to read and which does not smudge; otherwise use a fairly hard pencil, 
say 2H. 

When possible an assistant saves a great deal of time. The equipment 
used may consist of a 50 ft tape, a 5 ft i od and a 2 ft rule. If there is a likeli- 
hood of mouldings to be copied in the new building work, strips of 3 or 4 lb 
lead are useful for taking full sizes of these mouldings. The strips of lead are 
pressed around the contours of the mouldings and are then carefully placed 
on the sketch pad and traced around. The exact location wheie the moulding 
was taken is noted on the elevation and plan. 
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Procedure. The ground floor entrance hall is measured first. Start on the 
left-hand side of the front door measuring in a clockwise direction. Finish 
on the right-hand side of the front door and then measure the door opening 
itself. Whenever possible take running dimensions, i.e. put the end of the 
tape in the corner ofdhc room and at each projection, window, door opening, 
etc., note the dimension on the tape without movfng the tape. This is much 
more accurate than measuring each configuration on its own. Always check 
the main rooms of the building for squareness, i.e. take both diagonal 
dimensions. If the piincipal rooms of the building arc true then there is no 
need to check the other rooms unless they are obviously irregular. 

Check then the floor-to-ceiling height, putting this in a circle towards the 
ccr.re of the room All the entries of feet and inches should be thus: 5/6 or 
2/3. Start with the left-hand room and proceed in a clockwise direction 
until all the rooms have been measured. Subsidiary rooms, c.g. stores or 
laidcrc m kitchens should be measured with the kitchen. 

Next measure the staircase. This is done by measuring the horizontal 
distance between the top riser and the bottom riser, noting this and then 
noting the number of risers in the flight. At the staircases it will be possible 
lu measure the thiueness of the floors. 

After measuring the ground floor mcasuie flic first floor, then the second 
floor and so on to the top of the buildmg, and then mcasuie the basement 
and note any associated building works immediately outside. 

hlcvations. Ii iving^nade a sketch of each elevation fill in the dimensions 
by using the 5 ft rod. T his can be done usually by leaning out of windows, 
or Irom the giound. Whcie this is impossible a weight may be attached to 
the end of the tape and lowered from the window* of the top floor. 

Construction and Materials. 'Mote as far as possible <he direction of floor 
joists in suspended floors. Make notes of roof finishes, wall finishes and 
an\ other points. 

Drainage. Note position of vent pipes and ramwatu pipes on the first- 
floor plan and note gullies and manholes on the ground-floor plan. Remove 
manhole covers and measure the depths of the manholes, noting the size ol 
the drain. Trace the diains bv flushing w.c.’s and running taps in sinks in 
turn so that every tun i- accounted for. Note the general condition ol the 
drainage installation. 
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Excavation 

Thi contractor must first decide w hether n will be mote economical to emplo) 
mechanical equipment (plant) oi hand excavation Plant should noimallv 
be used where it can be kept full) occupied the giound is not too bogg) 
the excavation is not too 4 fussy \ thcie is 100 m to manoeuvre, and the 
transport costs to and from the site can be paid for from the savings ovci the 
cost of hand excavation 

The choice of plant is a matter foi the expet t Generali) speaking it is 
most economical to have the largest available equipment that can leason ibk 
handle the woik If the excavated malcrnl is not being removed fiom the 
site by loir) or dumper, and it has not to be moved very far then BuIldo7c s 
will probabl) be used If the spoil heaps lie at a dist mce thtnThag lines oi 
lace Shovels loading into dumpers may be used If there is a laige area ot 
excavation, then a Scraper m ly be used A Trenching Machine* is usciu 1 
where the benches aie in straight mns foi f inly long lengths, and the giou d 
dc es not contain boulders or laige loots 

Base l ines, If plant is being employed, it is usual to set up pcg> at the ends 
c f the base lines Base lines aie drawn on the la) out plan and mav c< rsi-a 
of two lines at right angles, coinciding with the punupal w ills of the stiuetuu 
The pegs marking the ends of the base liijw must be sufhcicntlv td aw v 
lrom the building sc that thev art not knocked ovci by the plant and tiu 
must be conueted in A nail duven into the tops ol these pegs indie tits the 
coirect position of the base line Between the nails a wire oi a line can be 
tightly stretched, from whicii the vital dimensions may be made 
Profiles. These consist of poLs with cioss bars lixcd to tnem at a height 
idated to datum If a paitieular part of the excavation h is to be say 90 00 
ft then the eioss bais oi the profiles ma\ be fixed at 9^ 00 ft Jhe bulldoAi 
(or other) driver cairics a boning rod, which is lit e a I squaie md which is 
cxactl\ 5 ft long From time to time he stops his machine and checks to 
see how much fuither he must excavate in oidei to get the crosspiece of his 
boning tod level with the cioss pieces on thS profiles He does this b\ 
sighting along the eross-bars The profiles must be sited so that they do not 
obstiuet the movement of the plant unduly 

Iopsoil. This is usually of considerable value and has to be carefull) 
removed by the plant or by hand to a topsoil heap out of the way of the 
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building, so that at the end of the job it can be returned, spread and levelled. 
This then makes a sound basis for garden tieatment The subsoil spoil may 
be used in the landscaping and may therefore need to be coveied with the 
topsoil On the other hand, the spoil may be removed from the site, and in 
this case it is necessary to provide temporary site roads at some expense, so 
that lorries or dumpers may operate without getting bogged down 

Setting Out. When the excavation is complete the next step is to set up 
site boards at the coiners of the building This is done by measuring from 
the base lines with a 100 ft steel tape The sit boards consist of two pairs of 
pegs at right angles with two horizontal pieces of timber lixed to their tops, 
and at light angles to one another Once again, nails aie driven into these 
timbers maiking the exact faces of the walls Strings arc sti etched between 
them during the course of the woik 

Level pegs aie set up with the aid of the Level instillment md are con- 
creted in Where these levels are, say, finished concrete floor levels, then it 
is bettei to use irop pegs otheiwise a timber peg may transmit moisture to 
the underside of a timbei floor and start rot 

Foundation Irenchcs. Where load-beanng walls occui their weight must 
be earned on ground which is stable The top layei of the giound swells 
during the wettest season and shrinks and cracks during the summer It n 
usually leasonablv stable and Iree from this seasonal movement at about 
3 It below its exposed surf.iee It is therefore important that the foundation 
tiench bottoms which are to receive these load-beanng walls should be at 
this depth The trenches must be level and not slope where it is necessai\ 
to change Lvcl this must be done in steps These sh Mild not be less than 
1 It and may be as much as several feet The ‘ bottoms ’ of the trenches 
must be dug cleanly and squaic, and all the crumbs must be removed If 
the trenches are m loose ground it may be necessary to shofc up the sides to 
prevent the walls caving in 

It is impoitant, especially in clay soils, that trenches arc not left exposed 
to the weather for any length of time, otherwise the suriace ol the cla) will 
dry out and movement will occur when the foundations have been laid and 
this surface becomes wet and swells once again 

Normal foundations are not satisfactory m clay The best foundations 
for this t)pe of subsoil are Short-Bore Piles, oi Strip Foundations 
(pp. 21, 23) 

Excavation for Drains. Drainage trenches have to be excavated ‘ to falls ’ 
This means that they must slope evenly and accurately To achieve this, two 
pegs are driven m so that their tops subtencj a line which slopes the lequired 
amount A boning rod is then cut to the exact length thht the bottom of the 
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per foot run, the width of the foundation may be the same as that of the 
wall; where the load is 1 J tons per foot run, the projection may be 3£ in. 
on each side and the thickness of the concrete 6 in. These dimensions apply 
to building on stiff clay. The brick walls are built from this concrete strip, 
a«d in the case of £ cavity wall, the cavity is filled with concrete to ground 
level. 

It is good concrete practice to put a layer of building paper in the trench 
before pouring the concrete so that the cement is not washed out into the 
ground and inferior concrete produced as a result. In clay sites the concrete 
must be poured immediately after the trench is dug so that the clay has no 
opportunity to dry out and cause movement trouble laier on. The bottoms 
of the trenches must be sound and all soft patches must be cut out and filled 
with concrete. Where the bottoms arc changeable, i.e. varying from, sa\. 
gravel to day, or to shale, it is often advisable to thicken the footings and to 
include some steel reinforcement in them (A, page 22). 

Deep Strip Foundations.* This method is particularly recommended m 
areas of firm shrinkable clay. For the normal two-storev house a trench 
of 15 in. in width is all that is required. This is most satisfactorily achieved 
by machine. The depth of the external w'dll footings should preferably be 
3 ft 6 in. Footings und*er internal walls should not be less than 24 in. deep 
and 15 in. wide. If the floors are not suspended timber, and there is a 6 in 
thickness of oversite concrete, then the internal walls may be supported 
directly on this concftete. This oversite concrete should be reinforced with 
chicken wire or other light steel mesh to reduce cracking (B. page 22). 

Short Bored Piles, t These consist of auger holes in the clay, at strategic 
points, which are filled with concrete. Their tops are joined by a shallow 
beam, cast in a shallow Irene 1 upon which the walls are built It is 
economic and effective method, but it cannot be used whcie the clay contains 
boulders which may interrupt the passage of the auger. It is a clean method 
on the site; it saves a considerable amoi nt of concrete and pioduccs stable 
foundations. Where there are boulders and tree loots in the ground, strip 
foundations are a better solution. 

For small jobs a hand auger may be used. It is advisable to choose the 
larger-si^ed augers, as these will pass small stones more easily than the small 
augers. The spoil from the auger should be emp‘vd straight into a wheel- 
barrow so avoiding spoil heaps and doubV handling of the spoil. Where the 
site warrants it, a mechanical auger mounted on the back of a lorry should 
be employed. The concreting team should follow directly behind the auger. 

* See Building Rise tuck Station Digest , No. 3. 

1 See Building Research Station Digest , No. 42. 
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Their first job is to tamp a little dry concrete mix into the bottom of the hole 
and then to fill the hole up with 1:2:4 concrete. (This will be described 
in the chapter on concrete.) 

The concrete must be carefully tamped as the hole is filled up so that no 
gaps are left. Soil must not fall into the hole as the concrete is poured in. 
It is advisable to arrange that the concreting team is able to cast sufficient 
concrete to nil all the holes that have been augcred in the course of the day's 
work. 

The holes are bored to a depth of 8 to 12 it as follows: 

lo\n Beaming C\r \cm and Length or Pius 


1 I ength ol pile 
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* Sofe. -6 it piles <ro advised only fot internal situation^ given adequate shelter 
b\ a solid concrete floor ot the oveiMte concrete. 


When all the piles ha\e been cast, then shallow trcnJics 6 in. deep and l ft 
wide are dug between the pile heads, under where the walls are to be built. 
Concrete with light .steel reinforcement is then placed in these trenches to 
tm m the foundations for the wall. These are called ground* beams. Corner 
piles should have several 4 ft lengths of l in. reinfoicing rod set half into 
their tops, and bent over in the direction of the ground beams. The walls 
are built direct on to the ground beams. 1 


\ W here opening* m v alls are near the supports the bending moment used m the desig' 
ML 

ot the beams may be taken as , . ; where there are no openings or openings are the 

W'L 

centre of ihe span, the bending moment may bo taken as Where II is the weight of 


the rectangle of brickwork immediately above the beam, plus the superimposed load*, on 
tnc &pan. When iluse l equivalent bending * moments die used, the ratio of depth beam 
to span must lie between ,* th and _ th. Do not stress the steel more than 7 tons per 
sq. in. The reinforcement should have an inch of cover and top reinforcement should be 
placed 1 in. below the upper surface of the concrete immediately above the pile heads and 
extending each side as far as the quarter span poirtts. 

Where doors occur at the end of the span, shear reinforcement is necessary. 
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This method should only be used with the ‘ firm ’ or 4 stiff ’ class of clays 
unless there is special information available concerning softer clays 
(C, page 22). 

Bases. Point loads fiom columns at widely separated intervals are usually 
carried on bases. Ft>r these it is necessary to excavate to stable ground where 
a rectangular concrete base suitably reinforced is cast of a size sufficient to 
carry the load; e.g. if a column transmits a load of 6 tons and the ground 
is only capable of carrying £ ton per sq. ft, a base of 1 2 sq. ft will be necessary. 
If the columns arc of concrete they bear on to the base in a variety of ways* 
(a) by being cast as part of the base; (b) by being grouted into a hole formed 
in the base; (c) bearing on to a si eel plate cast at the foot oi the column. 
This may be bolted into the concicte base. 

If the column is of steel, a th'ck metal plate oi bloom base is welded or 
riveted to its foot, which in turn is bolted to the conuctc base. 

limber. It is mad\ ruble to cast timber into concrete base*, i g posts, 
or timber frames for houses etc. Unless the timber has been very thoroughly 
treated with*a preservative, the centre of the 'timber member will eventually 
iot. It is, thei cf ore, advisable to cast in metal support stub columns 
to whiqji the timber members can be fixed out of contact with the 
gi ound. 

Rafts. Where the ground is very soft, as in the cise of made-up 
ground, or where the structure is a light one, eg. a timber house, Taft 
foundations in reinforced concrete are often an economical jolution to the 
foundation problem. 

For a light single-storey timber building, one method is to put down a 
blinding layer of ashes followed by a 3 in. laser of gravel. Over this is spread 
building paper; and over the general body of the raft a layer oflight reinforcing 
steel fabric is pkfeed to prevent cracking and to dismbutc anv stresses that 
may build up. Under load-bearing partitions an extra band of reinforcement 
is placed an inch from the bottom surface of the slab. The maigm to the 
edge of the ralr is provided with a 6 ft wide band of heavy reinforcement 
near the surface so that if the ground under (he 3 ft outer edge of the raft 
shrinks back m summer, the raft will not crack. It is also usual to turn the 
edge of the ralt down to contain the gravel and, if necessary, to keep the 
edge below the varying ground line (D, page 22). 
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Concrete 

In this chapter consideration will be given to making, placing, and some of 
the more common applications. 

MAKING CONCRETE* 

When concietc sets, complicated chemical reactions take place. If the 
components of the mix are not present in the correct proportions man) 
things can go wrong: the chemical reactions may not take place proper!).* 
there may he too much water present, producing voids; there may be 
impurities which may spoil the reaction or prevent proper adhesion of the 
particles, or there may be insufficient fine material to fill in the spaces formed 
by the coaise material— in other words bad grading. 

It is important, therefore, that concrete should be mixed properly, the 
ingredients being properly measured in accordance with a designed speci- 
fication. 

Designing the Mix. Generally speaking, the less cement there is, the 
weaker the concrete will be. There must be sufficient cement to cover the 
particles of the aggregates throughout the mix. In a given volume of aggre- 
gate, the liner the aggregate the larger the total surface area. Thus a nu\ 
containing an unusual amount of ver) fine aggregate will require a large 
amount of cement to pioduce concrete of equivalent strength. 

It is usual to specify a concrete mix by stating the proportions of cement 
to tine aggregate to coarse aggregate; e.g. 1 : 1 ^ - 3 or 1:2:4 or 1:3:6, 
etc. A 1 : 1 J 3 mix is an unusually strong one, whilst a 1 : 2 : 4 mix is 
frequently used for noimal reinforced concrete. A 1 : 3 : 6 mix is often 
used for mass conciac used in filling rather than for beams or stanchions, 
etc. It is also important when specifying a mix to mention the water cement 
ratio lequircd and to take into account the fact that sand bulks when it is 
damp. When the aggregates are measured out by volume, additional sand 
must be added in some cases to allow' for this bulking. 

Cement. B.S. No. 12 covers cements in normal use such as Normal 
Portland Cement and Rapid Hardening Portland Cement. It is sometimes 
necessary to specify special cements; for instance, ones which do not 

* See Building Reseat (h Station Digest, No. 44. 
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ratio for a typical 1 : 2 concrete mix. Notice that where the water/cement 
ratio increases above 0-50 the strength falls off rapidly. The ratio is worked 
out as follows: 

^ . Weight of water in the mix 

The water : cement aatio = — . — ; — ; — 

Weight of cement m *,he mix. 

For example, a concrete mix containing 112 lb cement and total water 
content of 5$ gals (approximately 56 lb) has a water cement ratio of 56 : 112 
which equals 0*50. 

Another vital factor closely allied to the water content is the method of 
compaction. If the mix is compacted by hand, the minimum water : cement 
ratio of 1 : 2 : 4 mix is 0-50. If the mix Is compacted by mechanical vibra- 
tion, greater strengths are obtainable by using a lower water : cement ratio, 
i.e. 0*40. 

The strength of the c rncrete is usually measured by testing its crushing 
strength. On important concreting jobs the contractor is requested to make 
test cubes of'*a standard size at specified intervals, and these are tested in a 
crushing machine, either seven or twenty-eight days after mixing. 

Concrgte which is too wet has an additional disadvantage that when it is 
being placed, a slurry of cement and water will rise to the surface or seep 
through the joints in the formwork, thus depriving the bulk of the mix of 
cement, and thereby producing weakness. This cement-rich slurry dries to 
form a ccment-rich skfti which is in itself weak, and must be remo\ed before 
subsequent mixes arc placed against it. 

The amount of cement in the mix also affects the ease of working; the 
richer the mix the easier it is to compact. 

A good rule is that the best concrete is made from the driest mix that can 
be fully compacted with the means available on the job. 

J Measuring Materials. It is not satisfactory to measure the materials by 
counting the number of shovelfuls. Shosclfuls differ very widely and will 
vary according to the operative, the size of the shovel, the moisture content 
of the aggregate, the shape of the particles, and other factors. Measuring 
by the shovel only is bound to cause either a waste of cement or insufficiently 
strong concrete. The following are the alternatives: 

Gauge Boxes. Gauge boxes have four handles, sides, but no bottom or 
top. They arc placed on the mixing sirfice which should be hard and 
clean. They arc filled and struck off level. The box is then lifted by means 
of the handles, and the resulting accurately-measured pile of aggregate is 
shovelled into the mixer. The size of the gauge box is calculated from the 
mix specified, eg if a 1 : 2 : 4 mix is reouired the hundredweight bag of 
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cement is used complete (never divide bags of cement as a general rule). 
Cement occupies 11 cu. ft per bag, therefore a gauge box for 2\ cu. ft of sand 
will be required, and another box for 5 cu. ft of coarse aggregate. The 
colume of the coarse aggregate will not change according to its moisture 
vontent appreciably, but sand will bulk when damp.* 

Cement is frequently wasted when the bulking test for sand is not made. 

Mixing Machines with Hoppers may have adjustable divisions in the 
hopper so that it acts as a gauge box. It is not sufficient to heap the aggregate 
in the hopper on each side of the division, but the aggregate must be struck 
off level each time, so that accurate measurement is made. The larger 
machines have cisterns for water, which must be tested from time to time to 
see that they deliver the correct amount. Larger construction jobs will 
warrant the use of a Wcigh-Batcher. In this method the weights of the 
appropriate volumes of material must be calculated each day to take account 
of the water content of the aggregates. 

* Mixing. When mixing by shovel only, it is necessary to ‘ turn over ’ the 
materials together dry a couple of times before the water issadded. It is 
then necessary to mix the wet materials thoroughly so that the cement is 
completely incorporated with the aggregates. 

When mixing by machine, the mixer should not*De going too fast, mixing 
lime being about two minutes. The water, if the mixer is not equipped with a 
cistern, should be added through a watering can fitted with a rose. Add 
some of the coarse aggregates first in each new bat£h so that the drum is 
kept clear from clogging. Clean the mixer out thoroughly at the end of each 
day’s work. 

Transporting the Mixed Concrete. The mixer site should be as close as 
possible to the job. If barrowing has to be undertaken, barrows or carts 
with pneumatic tyres should be used, so that unnecessary Vibration does not 
cause the ’ laitencc ’ to come to the surlacc. Concrete may be conveyed by 
shute, but it must not be dropped from a height, otherwise this will cause the 
separation of the constituents. Concrete may also be pumped, and on 
larger jobs this is an effective way of moving concrete from a central mixing 
plant. 

In the larger cities it is possible to purchase concrete already mixed to 

* The bulking test should ue made as follows: In a straight sided glass jar place a 
quantity of the sand. Level it lightly , measure its height. Pour walci into the jar and stir. 
Allow to settle and then measure the height of the sand under the water. The difference 
between the two measurements expressed as a percentage indicates the percentage bulking: 
e.g. ‘ Damp ’ Measurement =■- 5 in.; ‘ Submerged ’ Measurement - 4 in.; Difference ~ 
1 in.; then 1 x 100 - 25%. From this it will, be seen that an extension to the sand 
gauge box will be required increasing its volume by 25%. 
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your specification by a mixer lorry, which delivers the concrete straight to the 
job. When this method is used it is important that the site can be approached 
by good roads, as the lorries are heavy and are liable to churn up the site. 

Placing. Concrete must be placed immediately after mixing. Do not add 
water to the mix in«order to make it easier to compact. Wherever possible 
use mechanical vibrators to ensure proper compaction and the elimination 
of voids. Where this is not possible, tamp by thoroughly rodding, especially 
round reinforcement and in awkward corners. Once the voids have been 
removed stop tamping or vibrating, otherwise segregation may occur and 
laitence will appear on the surface. This indicates a weakening of the con- 
crete. 

ronstruction Joints. The first operation al the beginning of the day is to 
remove any hardened laitence off the previous day’s concreting. Thoroughly 
roughen the surface and dust off, then paint on some cement grout to iecei\e 
the new mix. Jf this is *ot done a weak joint will result * 

Curing. Concrete which dries too quickly docs not develop its full strength, 
(iicen concrete should be kept moist by piofecting n fiom drying winds or 
the sun with canvas, stiaw, or sawdust which is Kept watered. Continue 
protection loi three da}s. 

Com ret in* in Cold Weather t 

T empei ature alfects speed of setting. Cold w eather slows setting speed dow n 
11 the water in the concrete freezes, it will expand and break up the concrete, 
that is, if it is in the pioccss of setting. In cold weather a thermometer miM 
be kept on the site so that the danger of freezing can always be avoided. 

Two types of cement are uselul in cold weather. One is rapid hardening 
cement which reduces the setting lime during which the conciete can be 
damaged by frost. The other is high alumina cement, which not onlv 
develops stiength rapidly, but produces a lot of heat at the same time. In 
any case, concrete should be kept covered up to keep the heat in. Do not 
mix high alumina cement w'ith any other type of Portland cement. One 
possible disadvantage of using high alumina cement is that the additional 
heat that it produces in setting may cause undue expansion in bulky sections 
causing cracking. 

In older to reduce the amount of time when fK\>t precautions have to oe 
taken with concrete, the setting time may be speeded up bv the addition of 
2% by weight of calcium chloride to the mix (that is; 2-2 j lb to 1 cwt bag 

* Excellent advice on making good concrete is gi\en in Ministry of Works Advisory 
Leaflet , No. 26, ‘ Making Conciete \ • 

+ Sec Ministry of Works Advisory Leaflet, No. 
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of cement)*. Do not use with high alumina cement. Do not use less than 
this or there will be little effect, if you use too much the concrete will set too 
quickly. Mix the calcium chloride with water before adding by putting 1 cwt 
into 23 gallons of water through a sieve; 4-5 pints of this solution will then 
be necessary for each hundredweight bag of cement. (Make sure that all 
the calcium chloride has been dissolved.) 

When the concrete has been placed, insulate against cold winds and from 
the night sky by clean straw, timber shuttering, several layers of building 
paper, dry sacks, but not by corrugated iron 

It is usually safe to concrete when the thermometer reads 38° F. Stop if 
the temperature starts to drop. If the morning temperature reaches 34 w F. 
and the thermometer rises, concreting may be started, but should be 
stopped if 38' F. is not reached by midday. Take antifrost precautions 
directly concreting stops. 

Heaps of aggregate oil the site may freeze and may have to be thawed 
out with steam hoses; a common fault is to assume that a pile of aggregate 
is frost free when in fact only the surface has thawed and much frozen material 
remains insidc.f 

Piles of aggregate on the site should be kept covered with tarpaulins or 
other insulating material, in severe conditions the mixing water ma) be 
warmed so that the temperature in the mixer is not above 70° (over 100' F. 
there is risk of a Hash set). The mixing water can therefore be heated to 
120 F. so long as the mix has cooled below 100° Ft before the cement is 
added in the mixer. 

Concreting Paper. Wherever concrete comes in contact with the ground, 
place subsoil guide building paper on the ground so that the cement content 
of the mix cannot wash away into the ground. 

> Formwork. The formwork whether it is of timber or steel should be 
supported sufficiently frequently that it docs not sag or distoit under the 
weight of the' wet concrete. Formwoik should be painted, befoie the 
cement is poured, with mould oil to prevent the concrete adhering to it. 
Formwork should be cleaned thoroughly before use so that the face of the 
concrete is not defaced with unnecessary pits and pockets. In special 
cases the formwoik can be faced with material to produce a decorative 
texture on the struck face. This can be done with moulded rubber to form 
numerous patterns, the rubber being pulled back from the face when the 
concrete has set sufficiently. 

* A flake form of calcium chloride may be used added dry to the aggregate ( not to the 
cement). 

t Sec National Building Studies Bulletin , No. 3 ‘ Concreting and Bricklaying in Cold 
Weather ’ (H.M.S.O., <*U 
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Exposed Aggregates. A decorative effect may be achieved by brushing 
off the cement-rich skin as soon as the formwork is struck. Aggregates are 
particularly attractive when exposed in this way, e.g. granite, and certain 
limestones. Alternatively, special aggregates may be rolled into the surface 
before the concrete sets to produce decorative finishes, 'c.g. washed seashore 
pebbles, broken brick. This 1 applied ’ texture is more suitable for precast 
units where the exposed textured face is horizontal when casting, so that there 
is no formwork obstruction. 

Precasting. Up to this point only in situ concrete work has been discussed. 
Concrete may be precast either on the site or in the manufacturer’s yard in a 
variety of ways. For example, a lintel may be cast as follows : — the carpenter 
makes a box the size of the lintel with sides, a bottom and end, braced 
sufficiently to take the weight of the wet concrete.* Small pads of concrete 
are cast 1 in. thick and are placed in the bottom of the box; keep the steel 
reinforcing bars l in. from the exposed under surface of the lintel. The 
concrete is then carefully placed in the formwork by shovel and is vibrated 
or tamped so that the voids arc eliminated and so that the reinforcement is 
completely surrounded. When the formwork is full, tlic top surface is 
struck off level with a rule, and the lintel left to set. Jf the mix is a good 
one, has a 40% watcr/cement ratio, and vibrators are used, and if the 
lintel is not too big, it is sometimes possible to remove the formwork as 
soon as the initial set has taken place (i.e. after half ail hour, depending upon 
the temperature). If high-grade concrete is required, "then it should be kept 
moist for at least a week. 

Floor beams may be precast in a similar way and so may stanchions and 
beams. In these cases the placing of the reinforcement must be done very 
caiefully in accm dance with the designer’s instructions. The designer will 
often specify where carrying holes arc to be cast-in : long concrete members 
may inadvertently break if carried upside down, because the steel is in the 
wrong place. The leinforcing steel is kept in position by stirrups and the 
ends of the main rods are bent over m the shape of 1 standard hooks ' so 
that they cannot slip when the member is loaded. 

Reconstructed Stone Facings. Precast units may be faced with recon- 
structed stone, or whole units may be constructed complete from this 
material. Briefly, the stone is crushed up and mixed with coloured cement, 
which is then poured into moulds and cast to the desired shape. When 
the formwork is removed, the face may then be treated with abrasive discs, 
or be rubbed down by hand to remove the cement-rich surface skin. The 
resulting product has a very even texture, which some consider to be ‘ lifc- 
* The box may be painted with mould oil to prevent the concrete from sticking. 
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less 1 as compared with natural stone. Jn some cases it has moic reliable 
weathering characteristics and may also be cheaper. 

In situ or precast concrete may be faced with this material as follows 
A rcmo\ablc metal plate is placed in the formwork say 3 in. from its exposed 
surface. As the normal concrete is poured in the bulk of the formwork, 
reconstructed stone concrete is placed in the front of the metal plate. The 
metal plate is withdrawn progressively upwards as the concrete is poured. 
The two types of concrete bond completely together. When the formwork 
is struck the surface is rubbed down as before. 

Dressing. New concrete may be dressed at various stages of its setting by 
mason's tools/ or it can lie brushed or rolled to produce unique finishes. 

i See ih.iptci on MjsomiV 
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Walling 

THE b U NOTIONS Ob T H F WALL 

Whin designing a wall, many factors should be taken into consideration 
such as durability and composition, strength and stability, exclusion ot rain, 
heat insulation, changes in volume under changing conditions of Lempeiature 
and moisture content, fue resistance, sound insulation and appeal ance.* 

There aic many materials from which walls can be made, e.g. brek, stone, 
concrete, enamelled steel panels, forms of asbestos, etc. The wall ma\ 
carry loads from lloois and roofs, or it may be an in-filling - steel or concrete 
stanchions (posts) carrying the loads. 

Durability. This must be judged in relation to the expected life of the 
building and capital cost I or example, certain bricks and stones may last 
for maify centuries with little maintenance, whereas painted panels may 
need icpaintmg every few years. Many walling materials arc covered by 
British Standard Specifications It is therefore wise to make sure that 
proposed materials an* up to these standards. 

In general ihe durability of walling materials depends upon mechanical 
strength, chemical composition and pore structure. 

Frost. The degree with which a walling material may be saturated with 
water is a partial indication as to its resistance to frost. As important is the 
structure of the material, i.e. whether the pores arc isolated from one another 
01 whether the texture is 1 lamina ’ — the latter often being prone to frost 
failure. The parts of the wall most liable to frost damage arc those which 
are liable to be saturated with water and exposed to freezing, for instance, 
below the damp-course and in parapets. Elementary tests may be made in a 
refrigerator by freezing and thawing samples many times, but it is always 
best to examine similar materials that have been used in buildings for a 
number of years (sec Table 1, p. 38). 

Solubility. Most common walling materials are insoluble, but some render ■ 
mgs, for example gypsum plasters, are slightly soluble and should not be 
used externally. 

* These factors are dealt with in de^iil m Principles of Modern Building , Vol. I. pub- 
lished by H.M S.O. and in Budding Research Sr, it ion Digest , No. 25, ‘ The Selection o! 
t lav Building Biicks • 
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Tabu 1 

Si sc muni in of Mahriais io Dufrioraiion as ihl Rlslli oi 

Pros i A( iion 


Cuss f m tui il 

* * 

How tflcilcd 

Natural slonc 

\iniblc best stones unaffected Some stones with 
pronounced cleavage along bedding planes in 
unsuitable lor codings oi cornices 

bricks indcliywnc 
genu all \ 

Generally highlv resistant Certain pi od nets made b\ 
e v tiusion pio esses may develop lamina stiueturi 
when the manufac lining conditions ire badly 
idjusted 

C ast-stone and concrete 

Matunl of g( od quality is lately affected 

\otc \n> niuuid 

hiving i hmini stiuetiue is liable to dettnoration 


Tabli 2 

SisciiMiBiim of 

MUIRIAIS fO \\l\(K BY \l CjASFS IN 

Pont 1LD AlMOSPHF RIS , * 

c t iss ot m uuitl 

♦ 

II w like ted 

C lav bucks md blocks 

Rtrelv affected, but m ly ict u*i soot 

Icn . colt 

R it cl v alleetcd 

Siliceous sandstones 

R iul> aliened blit ret un soot 

< isl stone md Poitlmd Onl\ slightly a fleeted 

ccnitnt concictc Dense mixes dcsirible lor high decree of pollution 

Sand lime bricks 

L imcstoncs 

\ cry slmhtly itTeeltd 

All Utacked to some extent 

The more durable stones hive a long life in the woisl 
cnvnonmcnt C are needed in selection 

C ale ticous sandstone' 

I lable to be b idlv itt teked 


g Acid Attack. In mdustnal atmosphcies containing sulphur gases fiom 
solid fuels and od burning, very dilute sulphuric acid foims in the rain and 
will attack limestones, sand-lime bucks and some concretes (see Table 2) 
Crystallisation of Salts in the Pores. ‘ Acid ’ rain may take into solution 
certain salts present m the walling material* (usually calcium sulphate) which 
may crystallise out in the pores of the matenul in line weather When this 
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occurs behind the surface of the wall the suiface may be pushed away from 
the main part of the wall * (see Table 3) 

Often parts of the wall which aie most sheltered sulfei most severely a 
elsewhere the rain tends to wash out the civstallised salts The calcium 
sulphate may be washed tiom limestone walling into buckwoik underneath 
and disrupt the buckwoik Similarly, it nuy be washed out ol the mortal 
Sandstone ma) also be aflxtcd by adjacent limestone 

Tabil 3 

Sl sr li* riBii n v oi Muirtxls io Ditfriorvuon our ro 
( ! \ SI \[ I IS ' IION OF SoiURLl S\ITS 


Cli s >fmit 
Cl i\ buds 


Jciri otti • 


11 ttc lei 

(»ood bricks i i 1\ iflccte i 

Under hied Ir Js mi\ he bull> ill Acd 

Ruch lffcdcd 


S nd lime bi cks Cionl buck'* i ncl> dice ted 

c ist sioqj. ma PortI md 
cement ainuc c ♦ 


Smdstones R lie \ dkclcd 

\ ir\ \cn muJi in icsistmee 
I lu best slants ire excellent 


I imcstoncs 


V ir> vu> much in resist mcc 


Sol -Dec iv of a nioclcr itc oi pool buck or stone nn\ be m ich federated b\ 
the jsc ot inipcivious moitu tor * >int iu Silts ma> be wished fiom i limestone 
oi cone r ete into s indstone or biicie and leid to du a\ 

These thiee t ibles m nom Pnncpks of Molun Building \ol 1, p lbltshcd b 
1IMSO 

Strength and Stability, Building b\ laws la> down maximum widths and 
heights for various thick lesses ol walling These aLe rule ot thumb methods 
lor detei mining the thickness ol the w ill lor safety Insanabl) economies i \ 
material and an increase m efficiency can be achicscd ll the wall is designe 1 
in relation to its function and the characteristics oi the proposed materials 

The loads may come squat el v on to t^e top ol a wall or they im\ k 
concentrated along one edge, i e eccentrically It will be seen that the tallci 
a wall is and the greater the eccentricity of the loading the more likely *hc 

* Sometimes called exfoliation The salts miy cr/st illisc on the surf let producing the 
uns'ghtly whitish efflorescence which may be wa hed off in time b> ram 
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wall will fail b\ buckling. Floors may help to support the walls and i educe 
their effective height so that their thickness may be reduced and economv 
achieved. 

Weather Resistance. This is affected by the degree of exposure of the wall 
Ifrft faces south-west and there are no ovei hangs the wall is likely to get \ei\ 
wet at certain times of the year. A common form of providing a wall with 
ability to resist weather penetration is to build the wall with a cavity, j e. m 
two leaves. Care is then taken that no water can tind its way from the wet 
outer leaf to the dry inner leaf. Dampness is liable to rise up in the walling 
material from the ground and this must be prevented by a course of damp- 
proof material.' 1 

Sometimes the thickness of a wall will determine the amount ol moisture 
that can get through it. ‘ Sandwich ’ construction may bo employed wheie 
several materials arc bonded together with an impervious membrane incor- 
porated to pi event the <ig»css of moisture. The wall may be rendered oi 
treated with special paints or chemicals, but these aie veiy unlikelv to keep 
the wall freofrom penetiaiion for any length of time The mateiial, on the 
othci hand, may he glass or enamelled steel or aluminium which are 
impcmyu*. ( oiisidcration must also be given to the path that waier wdl 
follow as it washes dowii the face of the wall 

Heat Insulation. Habitable buildings must almost always be designed so 
that the four Walls and toof lose as little heat as possible duiing the wmtei 
and do not heat up uncomfortably in summer. 1 ho particular building 
problem is only just beginning to have the attention it Jescivcs Ml the 
heat that is lost thiough a wall in winter has to be paid for. 

Imanably, the interpolation of insulation will be paid lor by the luel 
saved during the first two or ♦ , 'iee winters. Some mitenals transmit heat 
lapidly. e.g. concrete, buck and stone. Othci s transmit heat very slowlv 
and arc theiefore good insulators, c.g. lightweight blocks, timber, cork, glass 
fibies. Insulation mav also be affected oy the coloui of the surfaces, i.e 
the way the heat or cold is reflected. (Black absoibs cold or heat readily 
white docs not.) 

\ considerable amount of heat is lost through an leakage, that is, b' 
badly titling doois and windows, and bv the draught up flues. A teas oi 
glass (single glazing) aie another major source of heat loss.f 

Moisture Movement (Drying Shrinkage). Most materials expand slight !\ 
when they arc wet and shiink when they are diy. This moisture movc- 

+ Damp-proof course— I). P C. (see p. 73). 

| Very roughly it may be said that in Jhc average house a third of the heat is lost through 
the walls, a thud thiough the windows and a thud through air leakage 
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ment ma\ cause clacking m rendu mgs 01 to internal finishing eg 
plaster + 

Tabif 4 

Mpmihl Mowmint \\u Mmirims 


MiUmls lining very small mustuic 
movements 


Mite ils \ itt m ill r loisture mo\ement 


Mi unis w ti i >nsidu lhk imistuie 
niovement c tiling foi pice uitions in 
dtsign ina use 


Materi ils with 1 ugc moistuie movement 
which c ill ftu speen prcc mtions in 
p oporiionm* md hindlm* 

M Perils* with I uge moistuie movement 
c tiling tor spccnl technique < t tre it 
mtnt it j >ints tnd sui rounds 


M itcrnls with \trv 1 irgc moisture 
movement whieh must be leeommo 
dited bv illowme freedom h move 
ment in li mung up 


Well filed buck uid eh} goods 
igneous loeks Most limestones 
C deium sulph itc pi istets 

Sme sind line bucks Some s tnd 
tones 

\\v 1 prop irtic ned bil ist eonerues 
Cement moil us md icndtnngs 
Lime mortirs Concrete bricks and 
some s ind l me bucks Scmesind 
stones 

Most ^gh weiglil conn cits 


Wood cement m iteii ds 
1 ibrous shbs ind w dlboirds 
\sbcstos eement shccMng 
Ph woods mi timber m direction ot the 
gi un 

I imber icross the grun 

II ud (ibre us w dlbo ads 


t( I \tr let from PuncipU s of Moot in Btaldm > \ ol 1 published byll M SO 

Expansion t rheimal) Most building n aten ils expand when the lempci i 
ture rises and conti act agun when the lempci iture falls If the building is 
a small one the total movements caused by the tempeiature difference be- 
tween summei and winter may be sufficiently small to be taken up m the 
stmctuie without any noticeable damage As a rough guide, for example 
conciete roots o\ei 100 It long or walls of brick or stone exposed to the sun 
over 100 ft long should be provided with expansion ]omts, so that the 
expansion and contraction of each section can take place independent^ ^ 

* British Standaids lay down the maximum drying shrinkage ’ permissible for many 
building miterials eg BS 1257 1945 — Clay Building Bricks, BS 1S7 1242 
Sand lime Bricks 

t See The Design of 1 lat and C oncrete Roofs in Relation to 1 hcrmil Lflccls Building 
Research Station Digest No 12 




44 


WALLING 


Condensation. This is a common source of trouble and will occur in a wall 
or a roof where the temperature of the inside surface falls below the dew 
point (condensation point) of the air in contact with it. For instance, con- 
densation will form on the inside of the window pane on a cold night when the 
glass has been chilled to below the dew point of the air fn the room.* 

If walls (or roofs) are built of materials which can be cooled down easily 
(i.e. poor insulators) for example 9 in. brickwork or a single leaf of ordinary 
concrete blocks, the risk of condensation is great. 

Cavity walling will overcome some of the rouble, especially if the inner 
leaf is of an insulating block. However, in panel construction of, foi example, 
a stovcd-cnamelled steel panel outer-surface, with insulating board stuck to 
it as the insulator, moisture-carrying air will diffuse through the insulating 
board, and condensation will take place on the inside surface of the steel, 
when the steel has been chilled below the dew point of the air. The insulating 
board will then become soggy and will deteriorate rapidly, t Not only do 
the surfaces have /o be impermeable, but there must be no route by means 
of cracks and joints wheie the inside air may find its way to a cold surface. 

Great care must be taken to insulate steelwork and metal trim so that 
condensation cannot occur and cause rust and deterioration whhin the 
building stmclure where maintenance in impossible. 

’ 5 Il)i^ matter in iIvmU •» uh iwllv ui \ ufunutl llinhUm* S rinh. No 2L published b> 
H M SO 
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FLAT OR FLUSH FLAT JOINT RCCESSED OR 

JOINT JOINTED RAKED JOINT 


NOTE Joints ore said to be struck when corned out as the brickwork proceeds. 
If they are raked out and filled afte r the brickwork is completed, the 
operation is termed pointing and is oprlted to new ant* old work 
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Masons' V-joint. More usual in rubble stone walling where it is desired to 
produce an even-looking joint with uneven thicknesses of mortar. 

Pointing — Flush or Weathered. Here the mortar is raked out about jj in. 
and the joint filled up and struck with ihe point of the trowel or flushed with a 
coloured mortar. ‘ • 

Colour, ft is invariably unpleasant to u^c a mortar which is much lighter 
than ihe colour of the brick. From a distance, in such cases, the wall appears 
to be made ol more mortar than brick. Depending upon the colour and 
texture of ihe brick, it is frequently inoie satisfactory to have the colour ol the 
moi tar slightly darker than the colour of the bi ick If brick dust is available, 
this, mixed with the mortar instead of sand, can produce a very pLcsnnt 
effect. 

Pointing is often employed to refurl ish old brickwork but is liable to 
damage by frost action and should not therefore be used in new work. 

Raked joints and keyed bricks should be used for brickwork that is to he 
lendcred. if tendering has to^bc applied to a brick with bad suction (e.g. 
a vitrilied hi ick) 01 to dense concictc sm faces, proprietary bonding fluid* hk 
d\ailat>!e as a preparation ior icndenng. 

Bl'Il DING WA1 LS 

Wlieie nes^ walls aic erected the usual pioccduic is to build tlie corncis 01 
the extiunities of the walls to a height of 2 or 3 ft, tlu/biicks being carefully 
plumbed on both faces. The base of the corner is extended along the wail, 
and is racked back as the work is carried up. 1 he intermediate poition of the 
wall is then built between the two corners, the bricks in the courses being kepi 
level and stuught by building their uppei edges to a line strained between the 
two corners. 

The whole of the walling of a building should be carried up simultaneously, 
and no part of a wall should be built higher than 3 ft above the remainder so 
as to avoid the risk of unequal settlements before the mortar has sufficiently 
set. 

Levelling. In bedding bi icks, great care should be taken to keep all couiscs 
perfectly level. To do this, the footings and the starting course should be 
carefully levelled through, using a spirit level with a stock at least 10 ft in 
length. Commence at one end and level towards the other, and take care to 
reverse the level each time at each forward step. Complete the length to be 
levelled in an even number of steps. A piece of slate or iron is left projecting 
from the lowest course, and from this all other courses at the corners can be 
levelled by using the gauged rod, which is usually about 10 ft in length, and 
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has the courses maiked on it The work should then be again tested by the 
level, and the opciation repeated The levelling ot brickwork is mosi 
efficient!) accomplished vith a surveyor ’a level, paiticularly wheie the walls 
are long 

Boning Method of l ovcUing. Boning lods aie u>ed lot levelling trenches 
giound woik, paving elv Bomng lods are similai in lorm to a 1-square 
md consist of an upiight about 1 1 1' and a white painted tee or 

sighting i ail about l 1 ^ I 1 he.o aie three u>ds in a set, two ol 

‘lx sc arc levelled at a distance ol about 10 It apart, a thud lod then 
IcvcP d at a sarnlat distance tikmg c ue to reverse the l n« level. TIk 
antic rod th< n removed, and the L\ J transmitted to an\ point along the 
lin bv Hghling or boning Owi rhe In * uuilhidiods (S<ep 2'Moi anoth: 
wa\ ot um”? boning rods i 

toothing. The uaial method of having a bnct vail vvbuh is to be eon 
tinuc 1 at sonic luture tim. is lo t x>tn *1 This u mists in leaving alternate 
struck is piojvUm^ 2 t in oevond the sti etching con, scs •above and below 
to allow the flew woik lo tie bonded to ‘be okl, as shown onp 54 n 

the usmi | r ict'LP m |oimrig nuv cu ss w lls to old mam walls is to ca 
oat a nn#ijbu ol icU angular tcccsscs in the mam vails equal in width to lb' 
v idtli of the Cj o v s w dl, three courses in height, and hall a buck in depth, a 
spa^c ol three courts being Hi between tne sinkings, as shown on p 54 r 
the new cioss Wall is Jhcn bonded into the recesses with cement moitai in 
avoio an} settlement It is necessary that the sinkings should not be less than 
9 m apait, as, in the cutting, the portion between is likely to become shake 
and ciacked This is turned block-bonding 

ThickiKssimi. Wheie old wills bu\c to be thickened, it is isual to cut 
icccsscs 9 9 41 deep, oiu in ever) jaid supci * of the suiface of tlx 

old wail The new woik is then built against the old and block-bonded to 
it at every icccss The surface of the old >voik is well cleaned, blushed an i 
wetted bcfoic the new woik is added this is also termed block-bonding 
( see p 54 a). 

Racking. Racking is the turn applied to the method of anangmg th" 
edge of a buck wall, pait of which is unavoidably delayed while the rcmaindti 
is carried up The unfinished edge must not be built vertically oi simplv 
toothed, but should be set back 2\ in at each course, with a maximum 
twelve courses, to reduce the possibility ind the unsightliness of defects 
caused by any settlement that may take place m the most rcccntlv bulk 
portion of the wall (see p 54 c). 


Yard super square yard in aiea Super ’ is an abreviation of ‘ superiiual 
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Stability of Brickwork. The stability of brickwork is affected in three 
general ways: 

(1) By loading a given area of ground beyond its ultimate resistance, bv 
the irregular concentration of great pressures on a soft subsoil, by the 
tendency of file substratum to slide, or by eccentrically loading: the 
walls are thrown out of the upright, crack, or disintegrate. 

(2) By bad bonding, resulting in disintegiation. One must also add: by 
no bond at all. In some old buildings this is frequently found. 

(3) By side thrusts; these may be distributed or concentrated, and their 
tendency is to overturn the walls; they are provided for by designing 
the walls of a sufficient thickness, or by placing buttresses at regular 
intervals, so that the weight of wall or buttress has the effect of deflect- 
ing the thrust into a more vertical line. This k resultant ' should fall 
within the base of the wall. Mortars are not considered to be effective 
in tension and tension in brickwork is therefore avoided. Great care 
should be taken when cutting openings for new doprs or windows in 
old brickwork. The stresses will redistribute therpselves and some 
sections of brickwork will be loaded more heavily than before. This 
nfciy cause dangerous cracks to appear without warning. 

WALL CLASSIFICATION 

Walls are divided into two main types: 

(a) Load-bearing walls. 

(/>) Non-load bearing walls. 

Under section («) include all solid house walls supporting a continuous 
load from the roof and floors, and also retaining walls for eaith and water. 

Linder section ( b ) include all ‘ panel-filling ’ walls which carry no super- 
imposed load but which keep out wind and weather. See p. 56, a, ‘ Walling 
to Framed Structures 

Retaining Walls. The design of walls to retain earth is based on the fact 
that few subsoils will keep to an unsupported vertical face, but assume theii 
natural slope, beyond which they no longer move The angle that this slope 
makes with horizontal is called the Angle of Repose and varies with the type 
of earth. Chalk newly cut will remain almost vertical. Dry sandy soil will 
not. It is the wedge of earth resting on the line of the natural slope which 
has to be supported by the retaining wall. 

This is done by walls which rely on their own weight to resist this thrust or 
by walls which rely on leverage. 

All vertical mass brick or mass concrete walls rely solely on their vveigl t. 
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Battered walls rely mostly on weight and partly on leverage. Reinforced 
concrete walls rely on leverage. 

The first three retaining walls on p. 57 are subjected to continuous pressure 
and therefore each has a constant cross-section throughout its length. 

The battered face is more economical and stable than the vertical fqpe. 
Any curved work in building is costly and therefore the curved batter is not 
often used although it more nearly approaches the theoretical section for 
retaining walls. 

Provision should be made to drain water from the retained earth by 
inserting drains, known as weep holes, through the walls near their bases. 
They are, however, often distributed over the wall face. Outlets should be at 
least 6 in. to 9 in. above ground level; 6 in. of hardcore filling behind the 
wall allows a quick flow of any surface v'atcr to the weep hole outlet. Gutters 
at the feet of such walls should be constructed to carry off all surplus water, 
and thus prevent the softening of the earth about the foundations. 

A brick counterfort retaining wall is also shown. Where it is necessary 
to have a wall wifh a plain face the counterforts are constructed at the back 
of the wall; there is a slight saving in brickwork over the ordinary method of 
building retaining walls by adopting this arrangement. The counterforts 
must be securely tied to the main wall with internal iron ties to counteract 
any tendency to fracture at the junction. 

Concrete is now largely employed for retaining walls, especially in localities 
where the materials— sand, ballast or broken stoned-are plentiful. They 
may be formed as mass concrete walls similar to the brick sections, or as 
reinforced concrete walls. Of the latter, there are two types: (1) the plain 
wall of continuous section, with a wide piojccting base for heights up to 
20 ft, and (2) thin curtain walls and counterforts for heights over 20 ft; these 
usually have a toe of small projection and a rear horizontal base to which the 
counterforts arc attached. The weight of the earth resting on the base adds 
great stability to the wall. 

The concrete walls of continuous section arc of two types, namely with an 
internal or an external base. The heel beam is used to resist sliding. Weep 
holes are also provided. There is greater tendency to slide with reinforced 
concrete walls than with mass brick or mass concrete walls as the latter are 
very much heavier. 


BOND 

Bond is the name given to any arrangement of bricks in which no vertical 
joint of one course is exactly over the one in the next course above or below 
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it, and having the greatest possible amount of lap, which is usually one- 
fourth the lengih of a brick. 

> B0ids in Brickwork. To ensure good bond the following rules should be 
•i4grdiy adhered to: 

(1) The arrangement of the bricks must be uniform. 

(2) As few bats as possible be employed. 

(3) The vertical joints in every other course to be perpendicularly in line 
on the internal as well as the external face. 

(4) Stretchers are only to be used on the faces of the wall, the interior to 
consist of headers only, as also in footings and corbels. 

(5) When bedded, the length of a brick should equal twice the width, plus 
one mortar joint. 

(6) Lateral lap between perpends to be { of brick length. 

There are several kinds of bond used in brickwork, those described in this 
chapter being as follows: (1) English, (2) Double Flemish, O) Single Flemish, 
(4) Stretching,"(5) Heading, (6) Garden Wall, (7) Facing, (8) Raking, (9) Hoop- 
iron. 

English Bond. Consists of one course of headers and one course of 
stretchers alternately (see p. 60). In this bond, bricks are laid as stretchers 
only on the boundaries of courses, thus showing on the face of the wall, and 
no attempt should be piadc to break the joints in a course running through 
from back to front of a wall. That course which consists of stretchers on the 
face is known as a stretching course, and all in course above or below it 
would be headers with the exception of the closer brick, which is always 
placed next to the quoin header to complete the bond. These courses would 
be called heading courses. 

It may be noticed that in walls the thickness of which is a multiple of a 
whole brick, the same course will show ei'hei : 

(а) Stretchers in front elevation and stretchers in back elevation. 

(б) Headers in front elevation and headers in back elevation. 

But in walls in which the thickness is an odd number of half bricks, the same 
course will show either: 

(a) Stretcher in front elevation and header in back elevation. 

(i b ) Header in front elevation and stretcher in bade elevation. 

In setting out the plan of a course to any width, draw the quoin or corner 
brick; then next to the face (which in front elevation shows headers) place 
closers to the required thickness of wall, after which set out all the front 
headers, and, if the thickness is a multiple of a whole brick, set out headers 
in rear: the intervening space, if any, is always filled in with headers. 
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be careful not to attempt to make brickwork do work which clearly calls for 
reinforced concrete . 

Piers. Piers in brickwork, as shown on p. 68, are rectangular pillars con- 
structed to support loads transmitted to them by beams and girders, or to 
receive the thrusts of two or more arches, the resultaift of which falls in a 
vertical line. 

The illustration (p. 68) shows plans of square piers built in English Bond 
and Flemish, one to three bricks square. It is only necessary to draw the 
plan of one course, as the adjoining courses have the same arrangement of 
bricks, but placed in such a manner that those in the front elevation of one 
course are in the side elevation of the next, above or below. 

The height of any isolated brick or stone pier should not exceed eighteen 
times its least dimension, or have a width of less than 13 in. 

Squint quoins are also shown. 

Attached Piers. Attached piers in English and Double Flemish Bonds are 
shown on pp. 69 and 71. These strengthen a wall at given intervals along 
its length, a usual spacing being 10 or 12 ft. 

Junctions of Cross Walls. The bond is obtained in cross or paity walls 
abutting against main ualls by placing a closer in. from the face in every 
alternate course in the main wall, thus leaving a space 2J in. deep and of a 
length equal to the thickness of the cross wall for the receptioh of the 2J-in. 
projection in every other course of the cross wall, as shown on p. 72. 

Projecting Courses. There are three cases in which h is necessary to enlarge 
the horizontal areas of walls: first, to increase the area of the base to dis- 
tribute the pressure over a greater area of earth as in footings; secondly, to 
form a projection to afford a bearing area to support the ends of girders or 
joists: and thirdly, for the purpose of obtaining architectural effect, as in the 
construction of strings or cornices. The following two rules must be com- 
plied with in order to obtain the greatest efficiency. First, in any course the 
projection should not exceed one-fourth the length of the brick. This is to 
prevent the bricks from overturning, provided they arc properly weighted at 
their back ends. Secondly, all bricks as far as possible should be laid as 
headers; this renders the bricks more secure from being drawn from the 
wall. 

Footings. These arc the wide courses placed at the base of a wall to dis- 
tribute the pressure over a greater area of foundation. They are now obso- 
lescent as concrete has taken their place. 

Foundations are dealt with in Chapter 3. 

Corbelling. It is sometimes necessary to support loads by the method of 
brick corbelling, which consists of one or more courses projecting a distance 
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JUNCTIONS OF CROSS WALLS IN ENGLISH BOND. 

T , PLAN OF ALTERNATE COURSES. , 



— ~r 

A 

i 

2 Srrck 

-o 

to a 

j 1 ~ 

2hBrici' 

ii »- 

wall 



I : 

J u * 



; 1" T VO 

i * 7 Br.ck 


Mo'« Header lq*i .e on one fore becomei 
i 're t cov-fjc on return face 



F* 


-1-T-1 -rt 


I Bntk to 3 I <2 3nck wall 


f ^ 
I --J- 


Two I Snck woilj 


h i'.i'V-i 


----- 


1 — t . j — i 

h i '• i//4 h 9 .M 

SQUINT QUOINS IN ENGLISH BOND. 


OBTUSE ANGLF 


ACUTE ANCLE, 


‘"O 

Jj. -V 


2 Bricks 
l'. 6'1 deep . 


ZTPPT 

JO 


BONDING AT JUNCTIONS OF CROSS OR PARTY WALLS 







DAMP PROOFING 


73 


sufficient to afford the required bearing area for the load. The L.C.C. By- 
laws lequirc a wall to be corbelled out to an extent not more than one-third 
the thickness of the wall immediately below. Chimney breasts may, however, 
corbel out to a projection not more than the thickness of wall immediately 
below. 

The two conditions given on p. 70 for projecting courses must be rigidly 
adhered to. Corbelling renders the walls less stable by bringing the centre of 
gravity of the mass away from the centre of the wall, causing a greater com- 
pression on the side of the wall under the load than on the side remote from 
the load. (The distance of the centre of bearing from the centre of the wall 
i=» known as the eccentricity of the load.) Where the loads aic light and dis- 
» ibuted along the length of the wall, as in the case of ordinary bridging joists, 
the stresses caused by eccentricity are usually negligible, in the case of 
concentrated loads transmitted by the ends of main girders, the centre of 
pressure should always be arranged to come within the middle third of the 
vail or pier, to avoid tensional stresses being set up on ^ic side of the wall 
remote front the load. 

Plinth^ A horizontal and usually projecting course built at the bases of 
walls, to protect them from injury and give additional strength. A recessed 
plinth is termed undercut. 

String Course. The name given to horizontal courses, sometimes pro- 
jecting and moulded, built in the faces of walls, anywhere between plinth and 
cornice, to act as a* tie, and architecturally to emphasise the horizontal 
di\ isions of a building. 


DAMP PROOFING 

Damp-proof Courses. Walls are liable to become damp in four ways. First, 
hv dampness rising up the wall from th^ ground and by being forced through 
the substructure into the basement; se< ondlv, by dampness passing through 
fi om the faces of w'alls; thirdly, by dampness passing down through from the 
tops of walls; fourthly, by internal condensation due to the deposition of 
moisture on cold v/alls by a warm humid atmosphere. 

A. Rising Damp . Many common building materials, e.g. brickwork, 
blockwoik, concrete (except in special cases), will absorb water from the 
ground by capillary attraction. Apart fiom being unhygienic for the occu- 
pants of the building, damp materials arc liable to frost attack, and the drying 
of the moisture from the outside surface may cause damage by exfoliation and 
produce unsightly efflorescence.* 

* Sec p 39. 



74 


MASONRY — BRICKWORK 


The damp-proof course must be kept at least 6 in. above ground level, and 
in the case of a cavity wall construction, the cavity must carry on down at least 
6 in. below the damp-proof course. This is so that mortar droppings produced 
when the wall is in course of construction cannot build up to form a bridge 
between the outside wet leaf and the inside dry leaf. I$o timber, e.g. wall 
plates, should be fixed below a damp-course in contact with damp brickwork 
or concrete.* 

Suitable materials are flexible ones, e.g. sheet lead or copper, heavy bitu- 
men felt, sandwich of lead, copper, or aluminium in felt. 

In the past, asphalt has been used, but this is liable to squeeze out under 
load. It is not advisable to use slate, as any very slight building movement 
will cause capillary cracks, which arc inclined to draw up moisture. A course 
of vitrified (engineering) bricks may be used, using a waterproofed mortar, 
but slight movement is unavoidable in any length of wall and capillary 
cracks are bound to occur. 

B. Weather Protection . This is usually achieved by building a wall in two 
independent leaves each leaf being 4 J in. thick, the outer one often of brick 
and the inner one being of an insulating material such as lightweight concrete 
blocks. Leaves are tied together by ties of galvanised steel placed l f ft 6 in. 
apart vertically and 3 ft apart horizontally. In the case of 3 in. thick lea\es 
3 in. apart, the ties should be 1 ft 6 in. apart both vertically and horizontally. 
Great care must be taken that at lintels and sills, damp-proof courses are 
placed so that no water can run down the surface of the oulside face of the 
inside leaf. 

A Jess effective method of keeping water out is to render the wall. The 
rendering should be weak, 1 : 6 cement-sand. A strong tendering only 
makes matters worse, as the rain will wash down the surface until it finds a 
capillary crack, formed by the shrinkage of the strong rendering, where it 
will gain entry into the body of the wall.f The weak rendering will be slight!} 
elastic and avoid forming capillary cracks. 1 hcic is no such thing as a com- 
pletely waterproof rendering. 

Water may be discouraged from entering the building by tile hanging. 1 his 
is carried out in a similar manner to roof tiling except that the gauge is usually 
very much bigger. The wall is battened out with creosoted or otherwise rot- 
proofed battens plugged to the walls and the tiles hung and nailed thereto. 
If the outer leaf is of lightweight fly ash blocks, the tiles may be nailed to the 
blocks, without the use of battens. 

* See Model Building By laws 27, 28, 29 and 30. 

t See Building Rt search Station Digest, No. 23, and National Building Stiuh , No. 10. 
H.M.S.O. 
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C. Dampness at Tops of Walls . Parapets and boundary walls should 
have a damp-proof course running continuously along the top. One often 
sees brick walls where this damp-proof course has been omitted; the rain 
has penetrated through the top, and severe efflorescence has occurred where 
this moisture has dried out on the surface. Many pferapets are severely 
damaged in a similar way by frost action. Copings should be waterproof; 
or the coping brick, concrete, or stonework should rest on a damp-proof 
membrane of felt, etc. Copings may overhang the wall and have a throating 
under the overhang so that the water is thrown clear of the wall. This is of 
doubtful benefit as if there is any wind much of the water will be blown on 
to the wall surface eventually. It is possibly better to keep the coping flush 
with the wall surface so that the rain can wash the unsightly efflorescent salts 
and the grime that usually collects under such overhangs away. 

D. Condensation. Warm air can hold more invisible water vapour than 

cold air. If you chill the walls of a room containing warm humid air, these 
walls will in turn lower the temperature of the air, and moisture will start to 
condense out on the walls. The temperature at which this occurs is known as 
the Dew Point (or Condensation Point) and occurs when the air is saturated, 
i.e. it cannot hold any more water vapour. , 

Condensation may be stopped by preventing the warm, moist air reaching 
a cold surface; or it may be controlled by arranging that if w;frm, moist air 
reaches a cold surface, the water formed cannot run back to the inside face 
of the wall — this commonly happens in cavity walfing, the condensation 
taking place on the inside surface of the outside leaf. Most building materials 
are permeable by water vapour.* 

There is a pressure! causing vapour movement from warm areas to cold 
ones, rendering it necessary to ensure that a vapour barrier (a form of damp- 
proof course) should be absolutely continuous (without cracks, joints or 
holes). J 

Condensation commonly occurs, for example, in badly built kitchens 
where the walls are only 9 in. thick and there is no insulation. It can be 
reduced or eradicated: 

(i) By building a cavity wall with insulating blocks as the inner skin; or 

(ii) As above plus the painting of the inside plaster with an anti-con- 
densation paint. 

(iii) In framed or panelled walls by ensuring that a continuous damp- 

* See National Building Study, No. 23. 

t Called Vapour Pressure. 

% Lap joints arc permissible if the condensate can be drained safely away to the outside 
—without lodging on battens, damaging insulation; or running into the building. 
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proof membrane is applied on the inside surface of the main insulation 
(e.g. continuous aluminium foil behind 1 in. of insulation board). 
This will normally ensure that the surface temperature of the vapour 
carrier on the inside face of the insulation is above the Dew Point 
of the warmer within the building. 

DJ\C.s and Model By-laws. Damp proof courses thiough cavity wa’ls 
must be at least 6 in. above external ground level in the outside leaf. This is 
to reduce the possibility of earth in flower beds being banked up so that 
moisture can travel into the brickwork above the D.P.C from the ground. 

The cavity must be carried down at least 6 in. below the D.P.C. (see p. 74). 
It is advisable to arrange for bricks to be removed at intervals along the base 
oi cavities, preferably at quoins, so that at completion of the brickla)ing 
work the cavity can be raked clear of mortar droppings. The loose bricks 
arc finally set in inortar when the cavities have been cleared. It is also 
necessary to leave an open perpend at ihe base of the cavity or immediately 
above flashings every 3 ft to allow the escape of moisture which might other- 
wise collect in the cavity. 

Any lintel bridging the cavity should have a flashing placed above it under 
the outsfdc leaf and then stepping up across the cavity at least 4 in. and 
tucked in to a course of the inside leaf This flashing or D.P C. will conduct 
moisture to the outside and prevent the inside leaf getting wet. 

Where suspended titnber ground floors are provided, it is necessaiy to 
put in air bricks through both leaves of the w’all so that the undei floor space 
is properly ventilated and so that rot cannot stait. (Rot usually starts in 
an atmosphere of high humidity as a result of poor ventilation.) Between 
flooi joists and the oversite conciete. where thi^ is provided, there should be a 
gap of at least 3 in.; the distance between the underside of the joists and the 
ground, where no oversite concrete is provided, should be at least 9 in. 
Sleeper walls should be built in honcyco ib fashion, i.e. perpends 4 in. wide 
to allow through ventilation. 

Where the floor level is below ground level, then continuous tanking in 
asphalt or bituminous felt must be provided connecting with the D.P.C. 
across the walls. There must be absolutely no break in this tanking. It 
should be protected on the outside either by a layer of weak concrete or bv a 
single skin of block or brick, with a structural wall (taking the vertical and 
lateral loads) on the inside of the tanking. In deeper basements where water 
pressure may be expected, a loading layer of concrete, suitably reinforced, 
must be provided to prevent the floor being broken upwards by the pressure 
of the water. 
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CHIMNEYS 

The function of the chimney flue is to remove smoke and other products 
of combustion only, from the fire to a position wety above surrounding 
windows. Unfortunately large quantities of air, which the fire has just 
warmed up, are also removed by the draught up the chimney. 

Flues require careful designing so that fires do not smoke and so that the 
acids, which are liable to form in flues to slow combustion appliances, cannot 
cause damage to the mortar in the chimney stack. 

Flues must be designed to suit the type of fire 


Si/e anUljpe of I lue 


Mmjmum diameter 7 in , traditional 
size 9" x 9" 

(Flues must be parged, i.e. rendered 
with mortar or lined with clay or 
other fired liners ) 


Domestic boilers, slow -combustion I 6 in. diameter with salt-glaaed liners, 
stoves, etc , burning non-smokeless 

fuels: » 

Domestic boilers, slow-combustion I 4 in diametei flue with salt-glazed 
stoves, etc., burning cxclusi\ely liners • 
smokeless fuels I 


Ivpt of Fire 

Open fires 


Draught. An open fire requires roughly four to six times the volume of 
the air in a room per hour to keep it going satisfactorily. Only two air 
changes per hour are needed for health, so that two to four times as much 
air as is really required has to be heated up to produce comfortable conditions. 
This additional air comes from cracks round windows, under doors and 
between floor boards, which is why draughts are one of the characteristic 
discomforts of rooms warmed by open fires. If these cracks are draught- 
proofed then the fire may be starved of air and the fire may smoke. 

Air supply to the fire should therefore be provided independently of the 
air in the room by means of pipes laid beneath the floor communicating with 
the outside air. These pipes should be 4 to 6 in. in diameter and should be 
arranged so that they can draw air from both sides of the house. (In a wind, 
the leeside of a house is in reduced pressure, and air is then sucked along any 
ventilation pipe opening to one side only.) Ventilation pipes should be 
arranged to supply air to the space immediately below the grate. 
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In order to reduce the wastage of air up the chimney, immediately above 
the head of the fire, the bottom of the flue should be formed into a throat 
8 in. to 10 in. wide, 4 in. from front to back, and 6 in. deep. Precast throat 
units can be purchased, also cast-iron throat units with registers (doors) 
which ensure that the throat is formed to the right dimensions. 

Smoke Shelf. Immediately above and to the back of the throat unit is 
the traditional site for the smoke shelf To quote from Building Research 
Station Digest , No. 18: ‘It does not appear to be essential if all other 
features are properly designed.’ In fact .ome people consider that it is a 
trap for soot and may cause chimney fires. 

There must be a smooth transition from the fireplace opening through the 
throat unit to the beginning of the flue with no cavities exposed at the back 
of the fireplace surround. The throat unit, of course, is not necessary where 
the appliance has its own flue connection as in the case of a stove or 
boiler. 

Flues. Flues should generally be positioned within the house so that the 
heat from them can help to warm the building. Flues placed on outside 
walls not only waste heat, but the brickwork is liable to get chilled below the 
dew point of the Hue gases, and water vapour will condense out on the flue 
lining, bringing with it sulphur compounds, tar, acids or ammonia. These 
can and do attack the lime or the ct'ment in the mortar and can cause severe 
damage to chimney stacks, as well as causing leaking of flue gases back into 
the building. This acid attack is more severe with slow combustion appli- 
ances, and that is why it is ueccssary to provide a flue lining of salt-glazed 
drainpipes (sockets upwards) to remove the possibility of this type of attack. 
V\ hen these liners are used, the stove connection is brought in at right angles 
to the flue, the bottom end of the flue emptying over a vessel to collect the 
condensate. This can be removed fiom time to time through a flue door. 

Where the walls of a flue are only hall' a brick thick, then the outside of the 
flue (within the building) must be plastered. Wheic the flue passes through 
a loof of shingles or thatch, the flue must be thickened out to at least 8 J in. — 
one brick thickness — to a distance of at least 4 in. above and below. 

Insulation of Flues. Brickwork to flues to slow combustion stoves and 
boilers where they are exposed to the outside air should be at least 9 in. thick 
and arc preferably constructed of an insulating block with fireclay liners. 
This insulation will reduce the risk of condensation in the flue. 

Inclination of Flues. The flue should not be inclined more than 45°, but 
if it is, then the thickness of the top side of the slope should be at least one 
brick thick. 

Fixings. Wooden plugs should not be within 9 in. of a flue or nearer than 
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6 in. to a fireplace opening. Similarly, metal fastenings should be kept at 
least 2 in. away from a fireplace opening. 

Hearths. Hearths should be constructed so that there is no danger of any 
fire spreading to combustible structure. By-laws lay down that the hearth 
must project 16 in. from the front of the fireplace; it must be 6 in. thick and 
must extend beyond the sides of the opening at least 6 in. The jambs to the 
fire should be at least 9 in. thick. The thickness at the back of the fireplace 
opening can be reduced to 4£ in. except on party walls. 

Chimneys through Roofs. Where the slope of the roof is not less than 10°, 
by-laws require that the chimney shall project above the ridge at least 2 ft. 
Where the chimney stack comes through the roof other than at the ridge, 
then it must project through the roof a distance of 3 ft, measured from the 
highest point of its junction with the roof. 

Chimney Pots and Flaunching. There is no need for the chimney pot to 
project more than 2 in. or 3 in. from the top of the brick or stonework. The 
pot is merely a convenient termination to the flue and should not be exposed. 
The top of the brick or stonework should be flaunched to throw the water to 
the side to prevent undue penetration of the rain into the brickwo/k. It is 
better to cap the top of the stack with an impervious material such as a con- 
crete cap. 

D.P.C.S at Roof Level. Where the stack passes through the roof it is 
necessary to provide stepped flashings (see Plumber), soakers and aprons to 
make sure that rain does not penetrate into the joint between brick or stone- 
work and the roof. The flashings, dressed into the brickwork, should con- 
nect with a damp proof membrane through the stack of an incombustible 
material, e.g. copper, lead. Alternatively a D.P.C. can be taken straight 
through the stack immediately above the highest Hashing. 

Down-Draughts. These draughts may be caused by air pressure in the 
vicinity of the top of the chimney stack caused by: 

(a) High buildings in close vicinity. 

0 b ) Bad positioning and height of the stack, e.g. on the windward side of 
the house where the stack rises close to the eaves and terminates well 
below the ridge. In this case there will be a greater pressure of air at 
the top of the stack which is liable to overcome the upward draught in 
the flue. In such a case it is necessary to carry the stack above the 
height of the ridge. 


ARCHES 

One method of spanning an opening in the brickwork is by forming an arch. 
A curved templet of wood is placed in position and the voussoirs (bricks 
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forming the arch) are bedded together on it. Properly speaking, arches are 
curved and transfer the weight of the walling above into the abutments. 
Lateral thrust is produced, the amount of which depends upon the span, the 
rise of the arch and the load of the brickwork above. This lateral thrust 
must be taken up bf either producing a sufficiently wide and heavy abutment 
or buttress, or by placing a similar arch alongside to balance the thrust. 

Confusion often arises in the minds of students because reinforced con- 
crete or steel lintels are faced with bricks which are unhappily called flat 
arches (vertical brick arches, Dutch arches, or tiled arches). The sooner the 
word arch in this context falls out of use, the better. 

If a square opening is cut in a plain brick wall, the biickwork within a 60° 
t T tangle above will tend to fall out, forming a triangular arch. This formation 
results from the diagonal support which each brick provides to the brick 
above. Any lintel provided need only support the weight of this triangle. 
If, however, floor joist % come into the wall immediately above the opening, 
the lintel will have to be strong enough to carry these additional loads. 

Rough Arches. These are made from bricks which are not specially shaped 
*o fit the curve of the arch. So that the wedge-shaped mortar joints do not 
get too unpleasantly thick near the top, stretchers are usually replaced by 
half bricks, the perpends overlapping. This form of construction is often 
used behind gauged arches so that the rather untidy appearance of the half 
bricks is not seen. 

Gauged Arches. HcPe the bricks are formed to the tapered shape necessary 
to make neat jointing in the arch. A saw cut of J in. is first made in the bi ick 
to give a precise line of finish, and then the unwanted pait of the brick 
remo\cd by axing (with a bricklayer's axe or scutch). Alternatively, softer 
bricks may be used and mster. \ of ixing they may be rubbed with a rubbing 
stone or a file. 

Relieving Arches. In the past, relieving arches were often built over square 
openings to take most of the load. Th^ flat head of the opening was then 
carried on timber joists. It would, of course, be nonsense to provide both a 
relieving arch and a reinforced concrete or steel lintel. 

LINTELS 

Normal practice for spanning openings is to pro' ;de a lintel of wood, steel 
or concrete to support the triangle of biickwork which would otherwise fall 
out. Wood lintels arc sometimes suitable for light loads internally. Unless 
they are rather oversize for the load they have to carry, they tend over a 
long period of time to sag, cracking the brickwork above. In any case they 
should be treated with a preservative to prevent attack by beetle and rot. 
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Steel Lintels. For smaller openings, these ma) take the form of unequal 
angles and are used for holding up the outside leaf over an opening. Where 
they cannot be readily painted they should be galvanised or treated with 
several coats of a reliable bituminous paint. The advantage of angle lintels 
is that they are easy fo position and are inconspicuous. 

Alternatively, rolled steel joists may be used for larger openings. It is 
then customary to case these joists in concrete to protect them from corrosion 
and to render them resistant to fire. Steel collapses quickly at the outset ot 
fires unless protected by a casing of concrete or asbestos. Unprotected steel 
should not be exposed in inaccessible cavities where corrosion can occur 
through condensation. This mistake is frequently made. 

Reinforced Concrete Lintels. Casting lintels is dealt with in the chapter on 
concrete, p. 34. They may be either cast in situ or precast (see drawing on 
p. 35). Concrete lintels are perhaps the most satisfactory form of con- 
struction because they resist fire effectively and, so long as the reinforcement 
is kept at least 1 in. from the surface, the concrete itself being dense and of 
high quality, there will be no troubles fiom corrosion. (High grade vibrated 
concrete is practically waterproof.) 

Where appearance is not a major factor, the lintel can go straight through 
the wall and be expressed on the front of the building for its full width, 
including the bearing of the brick jambs. Otherwise, the lintel may be faced 
with a mixture of stone dust and cement or it may be faced with brickwork 
(see p. 66). Another ‘method is to form a boot lintel the toe of the boot 
being recessed from the face of the brickwork by about 1 in for added 
protection. This is a most satisfactory form. The toe is stepped back in 
plan at the jambs. In cavity wall construction, the toe must be strong enough 
to support the leaf above. 

Alternatively, ties (galvanised) may be cast projecting from the face of the 
lintel so that the brick lace is supported at the vertical joints (see bottom right 
hand illustration, p. 66). 

Whatever form of lintel is used, it is most important that a stepped D.P.C 
is placed in suen a way that any moisture running down the inside surface 
of the outside leaf of brickwork is conducted safely outside the head of the 
window. 

Where a concrete lintel or a rendered soffit is provided, a throating should 
be formed near the outside edge of the sofit to prevent the wind driving drops 
of water back along the soffit and on to the top wood or metal member of the 
window. 
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SILLS 

One of the most vulnerable parts of a wall is the window sill. It must be 
weathered to throw the water towards the outside. If Ihe sill member over- 
hangs the wall below then a throating must be formed in it to prevent the 
‘ run back ’ of drops of water. A properly detailed water bar prevents the 
seepage of water back under the sill and helps to fix the sill in position. Damp 
proofing materials must be applied in sucl a way as to prevent moisture 
penetrating to internal sills and the internal leaf. 

Sills may be formed in stone, reinforced concrete, tiles, pressed metal, 
slate and timber. 

The drawings on pp. 132. 213 and 218 show various forms of sill construc- 
tion. Where the window is relatively far back from the face of the wall, then the 
window frame usually has its own weathering and stands so as to overhang the 
sill proper. The sill is then weathered fairly steeply to run the water off to 
the outside. Where the window is close to the outside surface, the wood 
sill may overhang the wall on its own. 

Water Bar. This is often made of galvanised steel and is available in sizes 
varying from x 2" to {" > l\". It is bedded into a groove on the table 
of the sill and in the underside of the window frame, and is befflded in white 
lead or bituminous mastic. It is still liable to seepage if a strip of lead oi 
super-purity aluminium is not folded over the top 1 of the water bar and 
carried to the outside of the joint (sec detail on p. 216). 

Overhangs of sills aie often provided and may be beneficial if they effec- 
ti\cly throw the water clear of the wall. Observation shows that the wind 
frequently blows the large drops of water falling from sills back on to the 
wall surface. Furthermore, dirt, soot and grime frequently collect under 
sills and cannot be washed off by the rain, producing disfiguring uneven dark 
bands. It is well worth observing the effectiveness of sill overhangs. It 
will be seen that the sills usefulness is shown by the depth of this band of 
grime. 

It is sometimes desirable that the wall is washed by the rain to keep it 
clean, and where the outer leaf is properly designed and built of a suitable 
brick it may be satisfactory to eliminate the overhang of the sill. 

Large windows may cause an excessive amount of water to wash over the 
wall surface below the sill. The bricks and D.P.C.s must be able to stand 
up to this. 
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FIXING TO BRICKWORK 

It is frequently necessary to fix joinery to the inner leaf of brickwork. Creo- 
soted wood plugs aie built in, but these should not be so big that their eventual 
shiinkage would cause damage to the brickwork. Alternatively, clinker 
concrete blocks are built in. Whilst these do not shrink, they are not good at 
nail-holding. Lightweight fly-ash blocks are a great improvement in this 
respect. 

A lot of fixing difficulties are eliminated if lightweight fly-ash blocks are 
used for the inner leaf instead of brickwork. 
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CONCRETE BLOCKS 

Concrete building blocks are suitable for the construction of walls using 
very similar techniques as in brickwork. 

Types.* Many varieties are obtainable: 

Dense . Weighing over 100 lb per cu. ft and made of normal aggregates. 

Light Weight . Weighing under 100 lb per cu. ft and made with aggregates 
of a cellular nature such as clinker, expanded clay, foamed slag, or pumice, 
or by foaming or by air entraining (aerated, cellular or foamed concrete). 

No-fines. Made with aggregates of one size (fairly large, say i in.) pro- 
ducing a very open structure and weighing about three-quarters that of ordin- 
ary dense concrete. 

The lighter the weight of a concrete block, the better the thermal insulation, 
and the poorer the ability to withstand compressive stress. 

For lacing blocks, tooling, spraying, brushing, scraping, etching with acid, 
or casting in patterned moulds, can give a great variety of surface treatment. 
Alternatively, a special mix can be cast integrally with the concrete (sec 
p. 34). 

Sizes. Similar principles apply as with brickwork: 

Lengths plus one mortar joint, i.e. 178" -|- S" 18". 

Height plus one mortar joint, i.e. + l" 9". 

Thickness — 2 in., 2{ in., 3 in., A\ in., 6 in. arc the most usual, the commonest 
being 3 in., 4J in. and 6 in. 

Strength. The minimum compressive strength for an 4 A ’ type block is 
375 lb per sq, in. and for ‘ B ’ block 300 lb per sq. in. The average (of 12 

* B S. 2028 covers piccast concrete blocks. B S 1364 covers aerated concrete building 
blocks dimensions. 

British Standards divide the blocks as follows: 

Type A. Dense aggregate blocks for: external walls (rendered), inner leaf of cavity 
walls, internal walls, partitions, infilling panels in framed buildings. 

Type B. Light-weight aggregate blocks for load-bearing walls, and generally as type A. 

Type C. Light-weight aggregate blocks for: non-load-bearing walls, and non-load- 
bcaring internal panels in framed buildings. 

The following Codes of Practice apply: C.P. 121.201 — Masonry Walls, Ashlarcd with 
Natural Stone, or with Cast Stone; and C.P. 122. — Walls and Partitions of Blocks and of 
Slabs. 


90 



CONCRETE BLOCKS 


91 


blocks) should be 500 lb and 400 lb per sq. in. respectively. The construc- 
tional principles are the same as for brick walls.* 

Weather Resistance. Flashings and D.P.C.’s must be carried out exactly 
in the same way as for brickwork. A 9 in. nominal brick wall cannot be 
regarded as wateq&oof unless the outside surface has some additional 
protection. Even so, rendering cannot be regarded as absolutely waterproof 
(see p. 74), and an external grade emulsion paint (2 coats) or some similar 
paint system is recommended in addition. 

Thermal Insulation. Lightweight concrete blocks can be very valuable 
as insulators. For instance, a cavity wall constructed with two 3 in. leaves of 
lightweight fly-ash block and rendered externally has a thermal resistance 
equal to over 40 in. of solid brickwork. t 

Mortar Mixes 



! 

Mix 


Purpose 

| Masonry 
cement 

! Normal j Hydrated 

1 Portia nd , " lime j 

| cement 1 

Sand 

For use ift winter, or when exposed to 
severe conditions, or when dense 
concrete blocks arc used 

i 

i i ; 

6 

• 

1 

! — — 

3 J — 4 

For use in warmer weather, and for 
normal degrees of exposure; with 
either dense or lightweight blocks 

i 

1 2 | 

9 


1 

j — ; — | 

4-4* 

For internal work, in warm weather, 
with lightweight blocks only 

i 

1 ’ j 

1 1 ! 3 ! 

12 


i 

1 

_ i 

41-5 


Note . — From Concrete Block Walls , the Cement and Concrete Association. 
The use also of air entraining or plasticising agents is recommended with cement : 
sand mortars. 


* The following Codes of Practice apply : C.P. 3 (1950) Chapter 5 Loading ; C.P. 
111 (1948); C.P. 122 (1952). 

t At the time of writing an Act is before Pai lament to make thermal insulation obli- 
gatory in certain classes of buildings. It is piobable that the Hgerton Committee's 
recommendation: U value - 0-2, will be required. E.g. this can be attained by con- 
structing a cavity wall as follows: — Outer leaf of brick or dense concrete block, cavity, 
and an inner leaf of lightweight concrete block (75 lb per cu. ft) internally plastered, one 
of many variations possible. 
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Storage. Concrete blocks must be dry before they are used. If they are 
built into the wall wet they will shrink slightly as they dry and cracks may 
occur. On site they must be covered in such a way that air can circulate 
freely around them. 

Bedding. Blocks may be laid on a full bed of morfar; or they may be 
‘ shell * bedded, i.e. no mortar in the centre of the block. This latter 
method reduces the ingress of moisture at the joints (it breaks any potential 
capillary path) and is more suitable for 9 in. wide blocks; for thinner 
blocks normal bedding should be employe*. ‘Weak’ mortar should be 
used (see p. 49). 

Shrinkage. Shrinkage is a key factor in the use of concrete blocks for 
building. Lightweight blocks, especially those manufactured by foaming or 
air-entraining methods are liable to excessive shrinkage unless they are 
specially cured. B.S. 2028 lays down the following: 


1 \ pe ot 

Maximum average 

Maximum aveiagc 

block * 

di>ing shi mkdgc 

moisture movement 


(pet cent) 

(per cent) 

A' 

0 04 

0 03 

‘B’ 

0 06 

0 05 

C ' 

0 08 

— 


Note.- L Drying shrinkage ’ ij» a movement obtained when a saturated block is 
dried under specified conditions, and ‘ moisture movement*’ is the increase in length 
of a block when resaturated. 

Walls over 50 ft long should be provided with expansion joints running 
vertically. This may be in the form of a butt joint (filled with mastic $ in. 
thick). It is usually best to express this joint in a straightforward waj; to 
try to hide the mastic joint with pointing will merely cause trouble later on 
This vertical joint can sometimes be masked by a rainwater pipe. 

Surface Treatment. For external work, block work may be exposed so 
long as it is established that the particular mix used is frost-proof. Some 
kinds of block are more liable than others to develop patches of algae, moss, 
etc. (This is also true of natural stone and other materials in some instances.) 
Colour can be introduced by selecting suitable aggregates or by using white 
or coloured cements. Verv dense concrete blocks are liable to staining. 

Finer texture blocks can be used very satisfactorily exposed for internal 
work, and are also more suitable for painting. 

Rendering is a satisfactory way of dealing with concrete blocks externally, 
especially when the blocks are not too smooth; particularly good for render- 
ing are blocks of no-fines concrete (sec p. 90). 
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HOLLOW CLAY BLOCKS 

These are made of selected clay which is dried and burned. Even though 
the walls of the blocks arc relatively thin, they are strong and light. They 
have the important advantage that their movement due to variations in 
moisture content is negligible. 

Sizes 

Building Blocks (inner linings, party walls, cladding and load-bearing 
partition work): 

Length . 12 in. 

Height . 8s in. 

Width 3 in., 4 in. 

This type is usually made keyed to receive rendering (i.e. the surface is 
grooved 1" \ 1"). 

Rug faced building blocks arc available HI" W r \\ide; they are 

suitable for non-cavity construction (see p. 94). 

Parldion Blocks -Standard keyed blocks: 

Length 9 m. 

Height 8£ in. 

Width* . 2 in., 2J in., 3 in. 

Smooth-faced blocks are made in similar sizes. with a 4 in. wide block 
available in addition. 

Special bonding, conduit, closure, and fixing blocks are available (see p. 94). 
Although chases can be cut in these blocks after they have been erected.* 
this is not advisable as they tend to get severely damaged. It is much better 
to plan the runs of services, so that speci 1 conduit blocks can be built in the 
right places. 

Thermal Insulation. Bee ruse of the large amount of air within the cells 
of the blocks, the insulation value is good; for example, an 11 in. cavity 
wall with 4.J in. brick outer leaf and a 4 in. block inner leaf has a " U * value 
of 0-25. 

Maximum Unsupported Lengths. Either the length or the height should 
not be greater than the following: 


2 in. blocks 

8 ft 

4J in. blocks . 

15 ft 

2\ in. „ 

10 ft 

6 in. „ 

. 20 ft 

3 in. 

12 ft 

8J in. „ . 

25 ft 
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If bigger walls than this are required then they must be split up into panels 
of the maximum size indicated. The edges of the block-work should be 
firmly joined to the supports or piers. 

Mortar. As with other block-work normal load-bearing walls and parti- 
tions should be bedded in 1 : 1 : 6 (cement, lime, sand), and non-load- 
bearing walls and partitions 2 J in. thick and over in a 1 : 2 : 9 mix. A 1 : 9 
cement sand mortar with a plasticiser is satisfactory for most applications. 
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NATURAL STONES 
Classification 

There arc three main types of stone: 

1. Igneous rock: a rock that has been subject to a high temperature wa) 
back in geological time and has a fused crystalline structure. 

2. Sedimentary rock , which may have been formed from an older rock 
and redeposited with a different matiix by the action of air or water. 

3. Metamorphic rock , which may be basically either sedimentary or 
igneous and which has been affected by earth movement or heat and/oi 
pressure to give it a new structure. 

Igneous Rocks. The main building stones in this classification are the 
Plutonic ones which have a coarse, crystalline structure, having been formed 
deep in the earth’s crust and having cooled slowly. They are commonly 
known as granites, e.g.: 

Corrennie. Salmon to red colour, used for engineering, building and 
decorative purposes, small pockets tend to form in the 
surface, fiom Aberdeenshire. 

Cretown . Light grey, even grain, used for engineering and building, 

from Scotland. 

DeLank . Mainly white with a little pink, with a tendency to brown 

if not carefully chosen, from Bodmin, Cornwall. 

I anwrna. Grey colour, large crystals of felspar, used for engineering, 
from Penzance, Cornwall. 

Mountsorrel, Dark grey colour, with some felspar, or may be dark 
reddish-brown, from Sileby, Leicestershire. 

Shop. Two varieties, one pink and brown and the other red- 

brown \ ith black and grey speckles, from Westmorland. 

Sedimentary Rocks. Limestones and sandstones. Limestones vary a 
great deal and vary in form from biological precipitation (i.e. the deposition 
of minute shell creatures) or the recemcnting of older calcareous rocks. 

Sandstone usually consists of consolidated or cemented sand. The older 
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geologically sandstone is, the more satisfactory it is likely to be for building. 
The following is a list of examples: 


Ancaster. 


Bath. 


Bolsover 

Moor. 

Bristol 
Pennant. 
C hill mark. 

Clipsham. 

Darleydale. 

Hornton. 


Hopton 

Wood. 

Kentish Rag. 
Mansfield. 

Portland 

Stone. 


An oolitic limestone. Not satisfactory in industrial atmo- 
spheres, buff-coloured, easy to work, suitable for interior 
use, from Lincolnshire. 

An oolitic limestone. Light cream with pale grey flecks, 
should not be used in very exposed or polluted conditions, 
from quarries near Bath, Somerset. 

Yellow-brown, a magnesium limestone having been formed 
in shallow water, weathers well except in London, very good 
for carving, not available in large sizes, from Derbyshire. 
Fine-grained, blue-grey, hard and able to take carving. 

Yellow-brown, used for mouldings and carvings poor in 
industrial atmospheres, from Chillmark, Wiltshire. 

Pale cream or buff, for general building and plain ashlar 
work, from Lincolnshire. 

A millstone grit, from buff to grey, fairly smooth with good 
weathering properties, from Derbyshire. 

Greeny-blue to brown, takes a fine polish, and weathers 
well in industrial atmospheres, rather inconsistent texture, 
from Bdgehill, Warwickshire. 

lias a trace of fossil remains and takes a good polish, 
interior work and ornamental caiving, from Middleton, 
Derbyshire. 

Green and gre”. suitable for rough rubble work. 

Yellow and red, suitable lor decorative work, or externa) 
work away from towns, ft om Nottinghamshire. 

A fine oolitic stone with n indiscernible bed, ivory, suitable 
for industrial atmospbeus, from south Dorset. 


^ ✓^tarbles. These are metamorphic rocks, another class of which is slate 
I Rise anTuscful for decorative work such as shop fronts and facings, and for 
ulterior linings. It is an expensive material and may be polished to achieve 
the maximum decorative effect. Facings and linings are usually about f in. 
f hick, pavings are about 11 in. thick, i.e. i‘urbeck, reddish-brown and grc\, 
takes a polish and is not ver> lasting, from Swanage, Dorset. There are man) 
^ arietics of Italian marble capable of taking polishes and suitable for interior 


work. 
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QUARRY STRUCTURE 

Most building stone has 4 lamena ’ structure. This is especially true of sedi- 
mentary rocks. 

Bedding. This is the plane in which the stone is most easily split and it is 
vital that, in walling, the stones are laid with their natural bed horizontally. 
The bed is not always easy to see, as in the case of Portland stone, but it 
is still important to lay the stone correctly, a? stone laid with the bed running 
in the same direction as the surface of the wall is liable to be damaged by 
frost shaling off the surface. Exceptions to this rule are in the case of pro- 
jections where the bed should be parallel to the perpends, and in arches where 
the bed should be at right angles to the thrust. At the time the rocks were 
being laid down, many millions of years ago, the bed was truly horizontal in 
both directions. Since that time, the earth’s crust has invariably moved and 
folded, so that in the quarry the bedding planes ‘ dip and often tilt sideways 
-which is called the ‘ strike ’ of the rocks. 

Grain. This is the second direction of easy splitting and is usually onh 
discernible bv a mason when the stone is cut. 

STONEWORK 

Definition. The term * masonry ’ refers to walls and structures built in 
natural stone or cast stone. It includes walls built r of other blocks which 
have to be bonded together. This chapter deals. chiefly with masonry in 
natural stone, but reference is made at the end to the properties and uses of 
cast stone. 

Characteristics of Stonework. The principle is the same as biickwork 
but the units are larger and can vary in size. Large blocks of stone are cut 
from the quarry and sawn into blocks of handleable size. Harder stones are 
split or cut into smaller sizes in the quarry and are used in irregular shapes 
with the minimum of ‘ dressing that is, cutting to rectangular or other 
desired shape. Stones in most regular masonry walling are about 1 to 2 ft 
cube content and weigh 1 \ to 3 cwt. This possible variation in size and shape 
gives the architect much more opportunity to make the proportions of the 
stones conform to the general scale and proportions of the building, i.e. 
the stones in the base of a large monumental building should be large. Some 
stones such as the quoin stone of a large cornice will have to be very large. 
Lifting apparatus such as a block and tackle has to be used for all stones 
larger than the normal ashlar walling block. The amount of variation can 
be seen from the example on p. 100. 
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Natural stones vary considerably in hardness, so the harder stones tend 
to be used in irregular walling, e.g. random rubble. The softer, which can 
be cut easily with mechanical saws, will be cut into precise blocks for building 
into ashlar walling (p. 100), or for dressings. Thick mortar joints, to accom- 
modate the irregulir surfaces have to be used for rubble work, thin joints 
typify ashlar work. Of course, local building, i.e. garden walls, cottages, 
etc., are usually built in random walling to save labour, irrespective of the 
nature of the stone. 

For economy, masonry walls are now usually faced with stone only, the 
backing being brickwork or concrete block, as labour costs now make stone- 
work always more expensive than brickwork.* 

Most stonework is very strong, granite is immensely strong, being used for 
docks, lighthouses, etc. 

Principles of Use. Building stones, except granites and slate, will absorb 
water, some more than others. Moisture may also penetrate the joints. 
Therefore precautions should be taken in the design of stonework to prevent 
moisture penetrating the structure, particularly through horizontal ledges, 
cornices, string courses, parapets, etc. This may disfigure and damage the 
stone or # affect the structure behind. Precautions depend on the nature of 
the stone and the exposure of the building, but it is common practice to 
protect all wide projections, cornices, etc., to put damp-proof courses in 
parapets and under copings, and, in the case of not so durable stones, to 
cover small projection's with metal flashings. 

Defects in stones are dealt with in Advanced Building Construction 
( Structures ). 

TEC HN1CAL TERMS 

The following is a list of technical terms frequently met with in mason's 
work. 

Bed Surface. The surfaces of a stone perpendicular to the pressure, which 
surfaces must be worked m one plane surface. Masons, to form thin joints, 
often make the beds hollow. This is bad, as all the pressure will be thrown 
on the outer part, which is liable to spall the edge of the stone. 

.Bonders, „Long stones placed through from front to back of a wall, as 
shown on p. 104 a, to tie the wall transversely. These may be either headers 
or through stones (see Headers). 

Copings. The highest and covering cc .use of masonry, forming a water- 
proof top, to preserve the interior of wall from wet, which in frosty weather 
might burst the wall. Copings must have D.P.C. (see p. 76). Page 100 

* Code ofPra< tice C.P. 121.201 deals with 4 Walls Ashlared with Natural or Cast Stone \ 
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shows flat copings on the top surface, which shoulcTbe used only for 
inclined surfaces, as on a gable or in sheltered positions. Feather-edged 
copings are also used on gable ends, however, to throw the water inwards on 
to the roof. Page 1Q4 b gives section and elevation of feather-edged copings, 
the upper surface of which is inclined to throw water off on one side of the 
walls; these arc necessary for parapet walls of crowded thoroughfares. 
Saddle-back is the name applied when the upper surface is inclined or 
weathered both ways, as on p. 104 g, and segmental when the section of 
coping shows the upper surface to be a part of a circle, as in f. 

Corbel, A piece of stone projecting from a wall to support a projecting 
feature. 

Skew Corbel. A projecting stone at the lowest part of the triangular portion 
of the gable end of a wall supporting the starting piece of coping, and resisting 
its sliding tendency. The skew corbels are often tied into the wall by long 
bronze cramps. 

Cramp. Slate or metal connections used in stonework, as slate and bronze 
cramps, shown on p. 1 15 a. b and e. 

Dressings. Stones arc said to be dressed when their faces are brought to a 
fair surface: but any stones which are cut or prepared and are used as finish- 
ings to quoins, window and door openings, stones applied as an ornamental 
feature, such as quoin stones, window and door jambs, arc described 
dressings. 

Drip-stone. A projecting stone moulding, having a throated under- 
surface, to throw water off clear of walls, and usually placed over arches of 
doors, windows, etc. If the moulding is returned square, it is termed a label 
moulding. 

Grout. This is a thin mortaL which is poured over the stones when brought 
up to a level surface, to fill up any interstices between the stones in the 
hearting of walls or other positions as iv ccssity requires. 

Headers. These are bonding stones, which extend across not more than 
three-fourths of the thickness of the walls, as shown on p. 104 a; if the stones 
extend the whole thickness they arc usually termed through stoties (see 
Bonders). 

Jambs, Window and Door. For purposes of strength these should be of cut 
stone and attention given that each course is securely bonded. For that 
reason it would not be advisable to buii 1 hem of rubble. Page 113 show' 
alternate courses, one showing the stones forming the window jambs acting 
as stretchers — these are termed outbands, as shown on p. 113 a and b; and 
the other a through stone or header forming the face of reveal and the face of 
rebated jamb, and is termed an inband. 
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^JP&rapet. The top section of a wall where it conceals the gutter of the roof 
(see p. 237). 

Pillar. A vertical support, square or rectangular in section and always 
independent of walls. # 

Plinth. A horizontal projecting course or courses built at the base of a 
wall, as shown on p. 100. 

Quoins. |^The angle stones of buildings. In rubble and inferior stone walls, 
quoins are built of good blocks of ashlar stone to give strength to the wall. 
These are sometimes worked to give a pleasing effect, and where hammer- 
dressed and chamfered, are said to be rusticated. They are, at times, merely 
built with a rough or quarry face, as on p. 104 h, only having the four face 
edges of each stone laying in one plane. 

Sills. These are the lower horizontal members of openings, and those in 
stone up to 4 ft 6 in. long are usually of one length, being pinned in cement 
to both sides of the opening. They should be fixed after the carcase of a 
building has been finished, and any settlement that was likely to occur through 
a number of wet mortar joints has taken place. Where it is inconvenient for 
sills to be fixed after the carcase of a building is completed, they may be built 
in as the work proceeds, provided they are bedded only under* the jambs 
with the section of the sills between the jambs left clear of mortar until the 
building has settled. If this is not done and the sills are beddeef solid through- 
out their lengths, then they may fracture due to the unequal sti esses produced 
by the pressures transmitted by the jambs being concentrated at the ends only, 
and not being evenly distributed through the entire lengths of the sills. They 
may be plain and square, as for door-sills oi thresholds, or sunk, weathered, 
moulded with drip and with properly formed stools and grooved for metal 
water-bar, or sunk, weathered, throated and grooved for metal water-bar, 
or moulded, grooved and weathered. 

Spalls or Shivers. These are broken chips of stone, worked off in the 
dressing. Stone whose face is damaged by the action of frost or fire is said 
to have spalled. 

String Courses. Horizontal projecting bands of stone, as on p. 100, often 
carried below windows, of architectural importance, imparting a feature to 
the building. On p. 113 b the sill forms an integral part of the string course. 

Tailing Irons. These are formed of H, L or T sections for holding down 
the ends of projecting members. They should be in bronze. 

Templates. Pieces of stone placed under the end of a beam or girder to 
distribute the weight over a greater area, usually Blue York Stone but concrete 
k padstones ’ arc now in general use. 

Throatings. Grooves on the under surfaces of copings, sills, string courses, 
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etc., as in section, p. 104 f, forming a drip to prevent the water that would 
otherwise trickle down and disfigure the walls. 

This disfiguration also occurs where metal lettering has been fixed to and 
proud of a stone fascia. Even if the dowels are bronze or galvanised, dis- 
figuration will still ocSur when they are fixed horizontally since the impurities 
in the air will settle upon them and will be dissolved by condensation and 
rain water. 

If, however, they are fixed to slope down from the stone face to the lettering 
they support, the trouble will be avoided. 

Through Stones. Stones which extend through the entire thickness of 
wall, to tie or bond it, as shown on p. 104 b. These are considered objection- 
able, for the reason that if any projection has to be taken off at the back, to 
present a fair face, it would disturb the setting of the adjoining masonrj, 
also damp is more likely to show on the interior of walls where the con- 
tinuity of the material is uninterrupted. 

In the Lake District stone walling is often built with each stone sloping 
outwards in section, while each through stone is covered by another on plan, 
thus providing an efficient D.P.C. throughout the whole height of the wall. 

Vaulting’. The arched stone ceiling of any space (see Advanced Building 
C ons true lion ( Structures )) 

Weathering. The top face of a stone worked to a plane surface inclined 
to the horizontal for the purpose of throwing off the water is said to be 
weathered, as in sills, cornices, etc., but carefully distinguish the expression 
‘ weathered ’ as applied to the effect of the weather on stonework or paint- 
work, etc. 


FOUNDATIONS AND FOOTINGS 

Stone walls may be provided with concrete foundations. Where built on 
rocky sites, the concrete is dispensed with or used only to level up irregu- 
larities. Stone footings usually consist of two courses of long stones, rect- 
angulai in section, the least dimension being about 9 in.; on these the walls 
are erected, as shown on p. 104. 

STONE WALLING 
This is classified as follows : 

(1) Rubble: Flint; random rubble set dry; random rubble set in mortar, 
Kentish Rag; random rubble built in courses; uncoursed, 
squared or snecked rubble; squared rubble built up to 
courses ; regular coursed rubble. 
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(2) Block-in-course. 

(3) Ashlar: Ashlar facing with brick backing; ashlar facing with rubble 

backing. 

Rubble walls are those built of thinly-bedded stone, generally under 9 in. 
in depth, of irregular shapes as in common or random rubble, or squared 
as in coursed rubble. 

Block-in-course is composed of squared stones usually larger than coursed 
rubble, and under 12 in. in depth. 

Ashlar is the name given to stones, from 12 to 18 in. deep, dressed with a 
rabbling hammer, or sawn to blocks of given dimensions and carefully 
worked to obtain fine joints. 

JThe length of a soft stone for resisting pressure should not exceed three 
times its depth; the breadth from one-and-a-half to twice its depth; the 
length in harder stones four to five times its depth, and breadth three times 
its depth. 

Considering these in detail: 

Flint Walls. These are largely employed in the chalk districts, where 
large quantities of flints are found beneath the beds of chalk. The flints 
are smalf and of irregular form. The larger stones are selected for the facing, 
the exposed surface being chipped to present the silica face. For the best 
work they are squared up to form small briquettes; they are laid in regular 
courses, as at St. Savour’s Cathedral, Southwark. The quoins, windows 
and door dressings are always built with squared stone or brick to give 
strength and obtain regularity in these parts. The facing flints are then 
laid, being separately and carefully bedded in mortar; the hearting is then 
inserted from every 6 to 9 in. in height, and bedded either by grouting or b) 
a process similar to larrying in brickwork. Owing to the smallness of the 
material, flint walls are liable to be deficient in longitudinal and transverse 
strength. To remedy this, lacing courses, consisting of large, long flat stones, 
or of three courses of plain tiles or bricKS, are built in at intervals of about 
every 6 ft in height, as shown on p. 104 e. 

Random Rubble. The name given to walling built of stones that are not 
squared (see p. 104). 

Random Rubble Set Dry. In the stone districts boundary walls are built 
of rubble set without mortar in courses about 12 in. high, provided with a 
rough coping as shown on p. 104 a, bedded in mortar, to form a water- 
resisting top, to keep water from getting into the body of the work. 

Uncoursed Random Rubble Set in Mortar. The stones are used as they 
come from the quarry, the bond being obtained by fitting in the inequalities 
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of the stone, and by using one bond stone every super yard on face; any 
openings between stones to be pinned in with spalls, as shown on p. 104 b. 
Walls built of random rubble should be made one-third thicker than the 
thickness necessary for brick walls. 

Kentish Rag. Walls of this type, as shown on p. 104 c,*are built of a com- 
pact. heavy, unstratified limestone largely found in Kent in beds from 6 in. 
to 3 ft in thickness alternating with quartzose sand. It absorbs very little 
water and resists the weather well. It is not suitable for internal work, as 
moisture condenses upon its surface. The blocks are roughly dressed to a 
polygonal form, being fitted with a hammer as they are bedded in the 
wall. In this work all quoins and dressings are built with properly squared 
stones. The face stones are first carefully bedded in mortar, the hearting 
being afterwards filled in partly by bedding and partly by grouting in mortar. 

Spalling often occurs in Kentish Rag as it is almost impossible to !ay each 
stone on its natural bed. Restoration of spalled and defective stones is very 
difficult owing to the fact that there are no through stones or bond. Each 
stone is brought to a level face in the wall by inserting a small piece of stone 
under it at the back. Cutting out defective stones could quite easily result 
in a fall of the stones above it. Bronze dowels could be inserted in thc^remain- 
ing stonework and the missing stone could be replaced with Portland cement 
and stone dust mixed to match the surrounding stonework. 

Random Rubble Built to Courses. This usually consists of roughly bedded 
or easily cleft stones, of irregular shapes, with only the ^cutest angles knocked 
off; they arc arranged to form horizontal beds at intervals of 12 to 18 in. 
height, every stone being bedded in mortar. The object is to ensure that there 
shall be no continuous vertical joints (see p. 104 f). 

UncQursed, Squared or Snecked Rubble. This type of work is built in 
districts where a highly stratified stone is abundant; such stones lend them- 
selves to be easily squared. With these stones, horizontal bed joints are 
readily obtained, but as the stones arc of irregular depths there is a great 
tendency to obtain long vertical joints; to prevent this, small stones, termed 
snecks, are inserted where required. For good work not more than four side- 
faces should form any continuous vertical face joint. To limit the length 
of \ertical joints, no stone for house walls should be more than 8 in. in depth. 
One bonder should be inserted in every superficial yard of wall face. 

Squared Rubble Built to Courses. The stones arc roughly squared and built 
up to courses to prevent long vertical joints and to ensure a good bond. 
Page 104 g shows squared rubble brought up to level beds with plain ashlar 
quoins. 

Regular Coursed Rubble. In this kind of work all stones in one course are 
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squared to the same height, usually varying from 4 to 9 in. and are generally 
obtained from thin but regular beds of stone. Regular coursed rubble with 
rock faced quoins and chisel draughted margins is shown on p. 104 h. 

This example would, as shown, be classed as ashlar galling, as the stones 
are true on all faces and the joints are fine. 

Where rubble walls do not have to carry any great loads it is common 
practice not to bed the stones within the thickness of the wall individually in 
mortar. It is sufficient if the stones on each face are bedded carefully and, 
at the level of each course, the core of the wall is filled with suitable size 
stones and grout, thin mortar is poured over to fill up all the spaces, taking 
care not to let any run over the face of the wall. 

Rlock-in-Coursc is the name applied to stone walling, chiefly used by 
engineers in embankment walls, harbour walls, etc., where great strength is 
required. The stones are all squared and brought to good fair joints, the 
faces usually being hammer-dressed. Block-in-course closely resembles 
coursed rubble, pr ashlar, according to the quality of the work put upon it. 

Ashlar. Ashlar is the name applied to stones that are properly squared 
and carefully worked on face and beds, and arc usually over 12 in. in depth, 
and have joints not more than i in. thick. • 

As the expense would be too costly to have walls built entirely of ashlar, 
they are constructed to have ashlar facing and rubble backing, or ashlar 
facing and brick backing (see p. 107 a), but, as the backing would have a 
greater number of joints than the ashlar, the backing sfiould be built in cement 
mortar, and brought to a level at every bed joint of the ashlar, to ensure 
equality of settlement. It is important that ashlar backed with brickwork 
should have the depth of the courses arranged to correspond with a joint in 
the backing, i.e. 6 in., 9 in., or 12 in. for use with 2% in. bricks and i in. 
joints. B.S. 1232 gives dimensions of courses for these and for 2 1 in. bricks. 
To prevent the cement in the brickwork staining the stone-facing, the back 
of each stone is usually painted with bituminous paint. 

The ashlar facing mav be plain, rebated, or chamfered, as illustrated on 

p. 100. 


JOINTS 

In arranging the joints of ashlar masonry, each of the face stones should be 
set out on the drawings, the following general principles should be observed: 

(1) All the bed joints must be arranged at right angles to the pressure 
coming upon them. 

(2) The joint should be arranged so as to leave no acute angles on either 
of the pieces joined. 
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(3) The arrangement of the vertical and cross wall joints should be such 
as to give the maximum bond of one stone over those below and give^a 
pattern satisfying to the eye. 

The first condition applies to all kinds of masonry. It is necessary to 
prevent any sliding tendency taking place between the stones. 

The second condition applies chiefly to the joints in tracery work, and 
any exposed joints in any other work such as gables. Stone being a granular 
material, anything approaching an acute angle is liable to weather badly; 
therefore in any tracery work having several bars intersecting, a stone must 
be arranged to contain the intersections and a short length of each bar, 
and the joints should be (a) at right angles to the directions of the abutting 
bars if straight, or ( h ) perpendicular to any adjacent curved bar. This 
not only prevents any acute anlges occuiring, as would be the case 
if the joints were made along the line of intersection of the moulding, but also 
ensures a better finish, as the intersection line can be carved more neatly 
with the chisel, and is more lasting than would be the case if a mortar joint 
occurred along the above line. In no case, cither in tracery ^string courses, or 
other mouldings, should a joint occur at any mitre line. This is the reverse 
of a joiner’s joint. 

Whereas for plain ashlar it is desirable to get most stones approximately 
the same size, the stones in alternate courses near the quoins cannot be 
half the length of the other stones. Sometimes for this, stones three-quarters 
of the usual length are used as the header and closer in brickwork, or the 
length of stones in both courses may be adjusted as shown in the example on 
p. 100. In this example is shown the effect of courses alternately deep and 
narrow, which can relieve the monotony of regular masonry in monumental 
work. Note that the narrow' a arses are deep on the bed. . 

Joints and connections in stone-work may be classified as follows: 

1. Joggle joints 

2. Cramps 

3. Weathered joints 

Under the first head are included tabling joints, cement joggles, dowels, 
and pebble joints. 

Joggles. A joggle is a form of joint in which a portion of the side joint 
of one stone is cut to form a projection and a corresponding sinking is 
made in the side of the adjacent stone for the reception of the projection, as 
shown on p. 112 a and b. It is chiefly used in landings to prevent any move- 
ment between the stones joined and so retain a level surface, and also to assist 
in distributing any weight over every stone in the landing. 
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Table Joint. It consists of a joggle formed in the bed joints to prevent 
lateral displacement in the stones of a wall subjected to lateral pressure, 
such as in a sea-wall, the projection in this case being about 1 J in. in depth 
and a third of the breadth of the stone in width, as shown on p. 112 c. Slate 
joggles are often substituted for table joints to reduce expense. They are 
formed of slate about 12" x 4" x 2" inserted into sinkings made in the bed 
joint at the junction of the side joints of two stones and top bed joint of 
another, as shown in d. These were used in the piers of Tower Bridge. 

Cement Joggles. These arc generally us**d in the side joints of the top 
courses of masonry to prevent lateral movement in the same, and consist 
of a V-shaped sinking in the side joint of each adjacent stone in the same 
course, as shown on p. 112c and f. 

Dowels. Dowelling is another method of resisting lateral movement. 
The dowels consist usually of pieces of hard stone, slate or copper about 
l in. square in section and varying from about 2 to 5 in. in length, shown m 
e, being sunk and set in cement in corresponding mortices in the adjacent 
stones. They are used in both the side and bed joints. They are general! v 
employed in the top courses of masonry where the weight on or of the indi- 
vidual stones is not great, and also in the dressings, about openings and in the 
bed joints of the drums of columns, balusters, and in any position where 
lateral movement is likely to occur. The united mass thus formed from the 
connected stones renders any movement impossible under normal condi- 
tions. 

Pebbles. Small pebbles bedded in cement in the joints of stones are used 
to prevent lateral motion; they are very economical and effective. 

Cramps. Metal cramps are used similarly to dowels to bind work togethei . 
but are more particularly adapted for positions in which there is a tendency 
for the stones to come apart, such as in copings covering a gable, or in face 
stones of no great depth, or cornices and projecting string courses to tie the 
stones to the body of the wall or to the steel skeleton supports. The cramps 
are made from thin pieces of metal of varying lengths and sectional area 
according to the wo r k, bent at right angles about 1 \ in. at each end. A chase 
with a dove-tailed mortice at each end is made in the stones to receive the 
cramp, the ends of which arc made rough and inserted, as shown on p. 115 
a and b. The cramps are usually prepared from either wrought iron, copper 
or bronze. If wrought iron is used, it should be subjected to some preserva- 
tive process, such as galvanising, to prevent oxidation. Iron is useful on 
account of its great tensile strength. Copper is valued for non-corrosive 
properties under ordinary conditions, and its tensile strength, which is not 
much less than wrought iron; it is, however, comparatively soft. Bronze 
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has properties similar to those of copper, with the exception that it is much 
harder, which, under most conditions, is to be desired. 

The best bedding materials are Portland cement, lead and asphalt. Care 
should be taken to cover the cramp completely with the bedding material. 
Lead is at times objected to for external work because it tends to form a gal- 
vanic couple with the cramp in the presence of moisture accelerating corrosion 

Lead Plug. Stones may be connected together by means of lead in the 
following manner, shown on p. 115 c and l>. 

Dovetail shaped mortices of the form shown are made to correspond in 
the side joints of two adjacent stones, into which, when placed in position, 
molten lead is poured, and when cooled is caulked, thus completely filling 
the mortices and connecting the pieces. 

Slate Cramps. These consist of pieces of slate about 7" x 2" \" cut 

to a double dovetail form; they are bedded m Portland cement in sinkings 
formed to receive them, and are generally used in flat coping stones, as 
shown on p. 115 e. 

Anchor Bolts. Long iion bolts are frequently cmployed k at the backs of 
cornices that have great projection; in such cases the centre of gravity of the 
mass is dangerously near the edge of the wall The bolts are passed through 
a hole drilled through the back of the cornice, or are inserted into a chase 
woiked along the back face of the stone, and extended a sufficient distance 
down the back of the wall, being provided at their lower ends with large iron 
plates or washers; the effect is to bring the centre of gravity oi the combined 
mass a safe distance back from the front of the wall. 

In steel framed buildings advantage is usually taken to design the steel 
members of the roof so that the projecting stone cornices arc most effectively 
tailed down by this steel- work sv cured to the frame of the building. 

In pinnacles at the tops of spiles and buttresses, where formed of small 
stones, it is usual to connect a sufficient number of them together with an 
iron bolt, which latter usually contains then common axis, thereby increasing 
the stability. 

Rag Bolt. The ends of the bolts are often fixed by having the end that is 
let into the stone jagged, and run with lead, or Portland cement, the mortice 
being dovetail shaped, to secure it from any upward pressure, as on p. 115. 

Where there is any probability of a great upwuid stress, the rag bolt is 
replaced by an anchor bolt and plate. 7 he bolt is passed through a hole 
drilled through the stone. 

Weathered Joints. Under the third head is included all joints or pre- 
cautions taken to prevent the deterioration of the joints of cornices or other 
exposed parts of masonry due to the percolation of water into the joints. 
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Saddled or Water Joint. To protect the joints of cornices and other exposed 
horizontal surfaces of masonry the sinking is sometimes stopped before the 
joint and weathered off, as shown on p. 1 1 5 e, g and h. Any water passing 
down the weathered surface is diverted from the joint. 

Rebated Joints. These joints are used for stone roofs and copings to 
obtain weather-tight joints. There are two kinds: (1) when both stones are 
rebated; (2) when the upper stone only is rebated. In the first case the 
stones arc of the same thickness throughout, their upper surface being level 
when the joint is made. In the second ca^, the stones are thicker at the 
bottom edges than at the top, the bottom edge having a rebate taken out 
equal to the thickness of the upper edge of the stone below it, over which it 
fits. The part that laps over should not be less than ]-in. thick. The undci 
surfaces or beds of the stones should be level. 

The upper exposed surfaces of all masonry built of soft or porous stones 
should be protected by a lead covering. 

STONE LINTELS 

Square openings in buildings are frequently bridged with stone lintels. Stone, 
owing to its low tensile resistance, is not well adapted to act as a beam, and 
in wide openings every care must be taken to relieve these members as far as 
possible of the weight abo\e. 

Lintels arc of two kinds: (l) wheie the openings are small, each opening 
can be bridged in one piece of stone: (2) where the openings are large, each 
lintel is built up with several stjnes. 

The first class is divided into (a) those bridging narrow openings, or where 
the lintel is made of great depth, rendering any precautions for relieving the 
pressure unnecessary ; (b) lintel with a relieving arch over, usuall) employed 
in rubble walls, as on p. 113 a; ( c ) lintels in rubble or ashlar work, where 
it is inconvenient to use a relieving arch, a fiat arch of three stones is con- 
structed above the lintel, as shown in r; the centre stone or key is termed the 
save. In bedding the save stones no moitar is placed on the lintel, but the 
stones are suppoited in their position by means of small wood wedges. Aftei 
a sufficient mass of the wall has been built to tail down the side saves the 
wedges are removed. In finishing the wall, the joint between the saves and 
the lintel is pointed otilv, thus no weight from the wall above is brought to 
bear on the lintel. 


STONE STAIRS AND STEPS 

Stone steps, as used for external terraces, are usually in a harder stone which 
will resist the frost so that a simple square finish is common and is pleasant. 
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These stones are best bedded on concrete which can, at the higher levels, be 
on a hardcore filling. 

Random-on-cdgc paving gives a very pleasant texture and many variations 
can be achieved by using cobbles, flints and panels of brick. The stone, if 
laid on edge, will wear better: if laid on its natural bed, as each lamination 
wears through, a ring shows and frost will tend to break away the exposed 
edges of the layer and decay may be accelerated. 

It is common practice to bed paving stones in a layer of sand on a hard- 
core base. For irregular paving such as nndom stones on edge this is 
essential, but where areas of flat paving are to be laid to an accurate level 
and any sinking is to be avoided it is better to lay the slabs in weak lime 
mortar on a concrete base, as sand bed on hardcore is likely to subside by 
gradual compaction or by leeching away of the sand when water gets through 
the joints. This often results in shallow puddles which are very inconvenient. 

In a stone staircase each step is one stone jointed to and partly bearing on 
the step below. r Thc main load is, however, taken by the wall as the end of 
the stone is built in 6 in. and solid bedded. 

STONE SLAB FACINGS 

The quality of the finish that natural stone gives to a building can seldom 
be bettered by any other material. So for important buildings, even where 
they arc tall and framed, stone would be considered as a facing material. 
Orthodox ashlar work requires thick walls and the large volume of stone 
would be prohibitive both as to cost of the stone and as to extra cost of 
structure and foundations to take the weight. 

This has led to the development of thin slab facings, which arc attached to 
the face of the structural wall or the panel infilling. 

The chief consideration is the method of fixing, and for this non-ferrous 
metal cramps are usually used. It is advisable, and in most areas the authori- 
ties insist, that the main weight of the facing slabs is taken on the structure 
by some offset or corbel so that the chief function of any metal fastenings is 
only to hold the slabs back to the wall and not to take their weight. 

On p. 117 is shown a wall of a framed building faced with stone slabs, 
where the slabs are supported every other course on a corbel course which is 
built into and tailed down by the panel wall which fills in between the struc- 
tural frame. One corbel course is bedded direct on the beam at floor level, 
the other comes at half storey height. These slabs are about 2 ft 3 in. square, 
and if in Portland stone could be 3 in. thick. The size of stone and thickness 
depend on many circumstances; on the type of stone and how easily it can 
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be cut into thin slabs; the amount of handling the slabs will have between 
cutting and fixing on the wall ; and the method of fixing. Larger slabs would 
have to be thicker to avoid fracture in handling and then the saving in weight 
is reduced; on the other hand, thin small stones need more cramps to fix, 
and the accommodating of the cramps in the edge of the slab becomes more 
difficult. 

These slabs should be bedded solid, i.e. the whole of the back should be 
covered with bedding mortar which may be \ in. to 1 in. thick depending on 
the accuracy that can be worked to in the skne backing and hackwork. 

It is more essential with these slabs than with traditional bonded blocks 
that the backs should be painted with bituminous paint. This may affect 
the adhesion of the bedding but, if the back of the slab is serrated or picked, 
it should have sufficient key. 

This detail shows a projecting frame round the window. This is a suitable 
finish for use with a slab facing as no special quoin stones are necessary. 
The frame may be in stone to match the slabs, which is simple to detail for 
the sill and jambs, but the head usually requires supporting by metal cramps 
and presents difficulties. If the frame is in concrete the sill, jambs and 
head can be precast ; metal ties are cast in and part lelt .projecting 
for casting in with the R C. beam or casing to the R.S.J. Alternatively the 
head can be cast in situ as an integral part of the R.C. beam as shown in 
the diagram. Sometimes all members of the frame are cast in situ , but the 
casting of the \crtical members is a difficult job as h fine linish is essential. 
Attempts are made sometimes to east the head in situ , using a natuial stone 
aggregate in an attempt to match the sill and jambs which aie then in natural 
stone. It is not easy to get a good match. 

LABOURS 

The following are the chief labouis iccogniscd in the prepaiation of stone- 
work: scabbling, hammei -dressing, self-faced, half-sawmg, chisel-draught- 
ing, plain woik, which includes a combed or diagged face over a Bath or 
soft lime-stone, a tooled stroke over the plane faces of a hard limestone and 
sandstone, such as Portland or York, or a smooth-axed face on granite; 
sunk work, moulded work, rubbed and polished work. These labours may 
be put upon straight, circular, or circular circular work. 

Scabbling or Scappling. laking off the irregular angles of stone with 
the scabbling hammer; is usually done at the quarry, and is then said 
to be quarry pitched, hammer-faced, or hammer blocked; when used with 
such faces the stone is called lock or rustic work. 
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Hammer-dressing. Roughest description of work after scabbling, as shown 
on p. 122 a, the tool generally used being the waller’s hammer. 

Self-faced, Quarry-faced or Rock-faced. The term applied to the quarry 
face, or the surface formed when the stone is detached from the mass in the 
quarry; also the surfaces formed when a stone is split in two. 

Chisel-draughted Margins. To reduce an irregular surface to a plane 
surlace a rebate about an inch in width is worked at two opposite edges ot 
the surface; the parallelism of these rebates is ensured by testing with the 
winding strips and straight-edge. A similar rebate is worked on the two 
remaining edges, connecting those first made. A continuous margin o; 
i ebate is thus formed about the four edges of the stone, every portion of which 
lie* in the same plane surface, if the stone is small, the irregular excrescence 
is then removed with the chisel to the level of the rebate. For large surfaces 
subsidiary draughts are formed traversing the stone between the rebates. 
In walls, stones which are finished with hammer-dressed or rusticated surfaces 
have chisel-draughted margins sunk about the four edges to ensure the 
accuracy of the work. This is shown on p. 1 22 u. 

Plain Work. This is divided, for purposes of valuation, into half plain 
and plain work. The former term is used when the surface of the stone has 
been brought to an approximately true surface, either by the saw or with 
the chisel. This labour is usually placed upon the bed and side joints of stones 
in walling. Plain work is the term adopted for surfaces that have been taken 
accurately out of winding with the chisel, and are finished with a laboui 
usually to form an exposed surface. 

For sandstone or hard limestone, plain work includes a tooled stroke and 
chisel-draughted margins, for soft limestones a combed or dragged surface 
and tor granite a smooth-tooled face 

Boasted or Droved Work. This consists in making a number of parallel 
chisel marks across the surface of the stone by means of a chisel, termed a 
boaster, which has an edge about 2 J in. in width. In this labour, the chisel 
marks arc not kept in continuous rows across the whole width of the stone 
(p. 122 c). 

'looted Work. This labour is a superior form of the above, care being 
Luken to keep the chisel marks in continuous lines across the width of the 
stone, as shown in p. 122 n. The object of this and the preceding is to 
increase the effect of large plane surface* bv adding a number of shadow 
and high lights. 

Combed or Dragged Work. This is a labour employed to woik off all 
irregularities on the exposed surfaces of soft stones. The drag or comb is 
the implement used, and consists of a piece of steel w'ith a number of teeth 
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like those of a saw. This is drawn over the surface of the stone in all direc- 
tions, after it has been roughly reduced to a plane with the saw or chisel, 
making it approximately smooth, as shown in p. 122 l. 

Furrowed Work. This labour, used to emphasise quoins, consists in 
sinking a draft about the four sides of the face of a stone, leaving the central 
portion projecting about in., in which a number of vertical grooves about 
J-in. wide arc sunk, as shown in p. 122 f. 

Reticulated Work. This labour is placed chiefly on quoin stones to give 
effect. The process is as follows: A margin of about J-in. is marked about 
the edge of the stone, and in the surface enclosed by the margin a number of 
irregularly shaped sinkings are made. The latter have a margin of a constant 
width of about 2-in. between them. The sinkings are made about i-in. in 
depth. The sunk surface is punched with a pointed tool to give it a rough 
pock-marked appearance, as shown in p. 122 g. 

Vermiculated work is similar to reticulated but has a more curved irregular 
“ worm eaten ” appearance. 

Axed Work. * Axed work and tooled work are similar labours. The axe 
is employed for hard stones, such as granite, but the mallet and chisel for 
soft stones, because it is quicker. 

The method preparing the hard stones after being detached from their 
beds in the quarry is as follows: the stones are roughly squared w'ith the 
apall hammer: the beds are then prepared by sinking a chisel draught about 
the four edges of the bed under operation, the opposhc draughts being out of 
winding, and the four diaughts in the same plane surface; the portions pro- 
jecting beyond the draught are then taken off with the pick. After the pick, 
the surface is wrought with the axe, the latter being worked vertically down- 
ward upon the surface, and taken from one side of the stone to the other, 
and making a number of parallel incisions or bats, the axe is worked in 
successive rows across the stone, the incisions made being kept continuous 
across the surface. In axed work there arc about four incisions to the inch. 
This labour is used for the beds of stones for thresholds and kerb-stones, 
and in this state the pick marks are easily discernible. Tine-axed work is a 
finer description of axed work, and is accomplished with a much lighter axe 
having a liner edge, but is now more often executed by means of the patent 
axe, which consists of a number of thin blades with 4, 6, 8 or 10 to the inch, 
and enclosed and fixed by bolting or clamping in a strap-like head. These 
blades may be taken out of the head and sharpened as required. In fine- 
axed work the number of incisions to the inch should be specified. 

Pointed and Punched Work. The bed and side joints of stones are often 
worked up to an approximately true surface by means of a pointed tool or 
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punch, the contact surface of the pointed tool being a point, whilst the 
contact surface of the punch is usually a small rectangle. This labour, as 
shown in p. 122 h, is often employed to give a bold appearance to quoin 
and plinth stones, and where so used it usually has a chisel-draughted margin 
about the perimeter. 

Moulded Work. Mouldings of various profiles are worked upon stones 
for ornamental effect, as shown in p. 122 k. Mouldings are worked by 
hand as well as by machine. In the former case, the profile of the moulding 
is marked on the two ends of the stone to be treated by means of a point 
drawn about the edge of a zinc mould, cut to the shape of the profile. A 
draught is then sunk in the two ends to the shape of the required profile. 
The superfluous stuff is then cut away with the chisel, the surface between the 
two draughts being tested for accuracy by means of straight-edges. The 
machines for moulded work somewhat resemble the planing machines for 
wood work (see p. 122 O- The stone is fixed to a moving table. The latter 
has imparted to it a reciprocating rectilinear motion, pressing against a 
fixed cutter of the shape of required profile, or some member of it. The 
cutter is moved nearer to the stone after each journey, thus gradually removing 
the superfluous stuff till the profile is completed. Moulded work is. strictly 
speaking, the name given to profiles formed with a change of curvature, and, 
therefore, should not be applied to cylindrical sections, such as columns. 

The weathering properties of stones moulded by hand labour are con- 
sidered by some far superior to those worked by machinery, as in the latter 
method the moulding irons, occasionally being driven continuously, become 
heated and partially calcine the surfaces of the stones, thus rendering them 
peculiarly susceptible to atmospheric deterioration; but if reasonable 
care be taken to keep the too K cool by water feed pipes, the method is pre- 
ferable to hand labour, as it obviates the stress in the stone caused by the 
jarring of the hand-driven tool. 

Sunk Work. This term is applied to the labour of making any surface 
below that originally formed, such as chamfers, wide grooves, the sloping 
surfaces of sills, etc., as shown in p. 122 m. If the surface is rough, it is known 
as half-sunk; if smooth, sunk; and any othci labour applied must be added to 
the same, such as sunk, rubbed, etc. 

Circular Work. Labour put upon the surface of any convex prismatic 
body, such as the parallel shaft of a column or large moulding, is termed 
circular work, as shown in p. 122 n. 

Circular Sunk Work. Labour put upon the surface of any concave pris- 
matic body, such as a large hollow moulding or the soffit of an arch, is 
termed circular sunk work, as shown in p. 122 m. 
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Circular Circular Work. The labour placed upon columns with entases, 
spherical or domical work as shown at the extrados of p. 122 o. 

Circular Circular Sunk. The labour worked upon the interior concave 
surfaces of domes, etc., as shown in the intrados of p. 122 o. 

Moulded Work, Circular. This term is given to mouldings, as shown in 
p. 122 l, worked upon circular or curved surfaces in plan or elevation. 

Internal Mitres. The intersection of two mouldings, the seen faces making 
an angle less than 180°. 

External Mitres. The name given to the intersection of two mouldings, 
the seen faces making an angle greater than 180°. 

Returned Mitred and Stopped. The name given to a moulding returned 
in itself, and stopping the same against an intersecting surface. 

Long and Short Work. This work is usually employed for quoins and 
dressings in rubble walls, and is especially noticeable in old Saxon work, 
cf., Earl’s Barton Towei. It consists in placing alternately an appioxunatelv 
square flat slab horizontally which serves as a bonder, qnd a long stone 
vertically, also square but comparatively smaller in section. This arrange- 
ment in modern practice is sometimes known as block and start work. 

Rubbed Work. This labour consists in rubbing the surfaces of stones 
until perfectly regular, and as smooth as possible. The work is accom- 
plished with manual labour by rubbing a piece of stone with a second piece. 
During the first stages of the process, water and sand are added, gradually 
reducing the quantity ftf sand up to the finish. Large quantities of stone arc 
machine-rubbed by means of large horizontal revolving iron discs. The 
stones are placed on, and kept from revolving with the disc by means of 
stationary timbers fixed across the table a few' inches above the stone. No 
pressure is applied other than that obtained by the weight of the stone. 
Water and sand aic added to accelerate the process. Only plane surfaces 
can be rubbed in this way. 

Polishing. Marbles, granites and many limestones, after being worked 
to a smooth surface, arc often polished. Polishing by manual labour is an 
exceedingly tedious operation. Marble polished by hand is carried out by 
using rubbers and pads, sand and winter, pumice, snake stone and putty- 
powder. 

STONE CUTTING AND POLISHING MACHINERY* 

Polishing Machine. The polishing machine shown on p. 127 \ is one of 
several types manufactured at the present day. It is in three main parts, 

* The information relating to stone cutting and polishing machinery has been compiled 
with the kind assistance of the Anderson-Grice Go. Ltd. of Carnoustie. 
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i.e. the fixing bracket and the two arms which are connected together by 
swivel joints thus allowing the vertical rotating polishing disc to be guided 
freely over the stone- The stone is polished in sections and rests on a movable 
trolley or bogie, not shown in the illustration. 

A smooth surface is imparted to the stone by 12-in. diameter carborundum 
circular blocks of which there are three grades, coarse, medium and fine, 
the final polish being obtained by a steel plate faced with felt. The stone or 
marble block is first squared and prepared for polishing and then placed on 
the trolley, the coarse surface disc is fitted md the height adjusted. The 
electric driving motor is started, the water turned on and the rotating 
disc is guided over the surface of the stone bv the operator holding the guide 
handle. 1 he pressure is hand adjusted by the operatoi . A shield, not shown 
in the illustration, may be fixed between the operator and the polishing disc 
to protect him from the slurry. Upon the surface reaching the required 
smoothness, the smooth disc is lifted and then the line disc, the operations 
described above t being repeated for each disc. The stone, after treatment by 
the fine disc, should be very smooth. Surplus grit and dirt are then cleaned 
off and the last felt faced disc fitted. Oxide of tin is sprinkled over the stone 
and the process repeated until the required degree of polish is obtained. 

Sawing and Moulding Machine. This machine, illustrated ^>n p. 127 b, 
may be used for both sawing and moulding. The illustration shows the 
machine in the process of fluting a column shaft, the process of which is 
carried out in the following manner. The shaft is prepared for fluting and 
is then fixed in position between the two brackets which are attached to a 
movable trolley or bogie as shown. The fluting wheel is lowered on to ihe 
shaft by means of either power or the endless cord shown on the right-hand 
side of the illustration. The water feed, which clears away the slurry at a 
pressure of 40 lb per sq. in., is then turned on and the main motor 
which turns the fluting wheel is started. The trolley moves forward under 
power and thus the stone is ground. The height of the grinding wheel is 
adjusted by hand after each cut and the column is hand turned as each flute 
is finished. 

When this machine is used for sawing, circular blades, similar to those 
shown on the cross cut saw, p. 127 c, are fitted in lieu of the grinding wheel. 
These blades may be either diamond or carborundum. Diamond blades 
give faster cutting but for finer work or where the work is of a particularly 
abrasive nature, carborundum blades are used. 

Cross Cut Saw. This type of saw, illustrated on p. 127 c, is made in two 
sizes, one with an 8 ft and the other with a 12 ft traverse. 

The saw blades may be either diamond or carborundum but diamond 
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blades are recommended as they have a cutting speed of two to three times 
that of carborundum. Diamond blades may be obtained in diameters from 
32 to 60 in., giving cutting depths up to 25 in. Carborundum blades are 
generally supplied from 20 to 41 in. diameter and although larger blades can 
be fitted they require to be specially made. With ordinary use, saw blades 
last approximately nine months. Diamond saw blades cost approximately 
£240 each and are roughly twenty times more expensive than carborundum. 

Cutting speeds for vaiious materials are as follows: 

Portland Stone: 220 sq. in. per minute. 

Sicilian Marble: 100 sq. in. per minute. 

Medium Hard Slate: 150 sq. in. per minute. 

These speeds are based on the use of diamond saw blades powered by a 
20 h.p. motor. With carborundum blades the speeds are between a thiid 
and a half of the above figures using a motor of similar power. 

The machine shown has a fast return motion fitted, whicji, depending on 
spindle speed, varies between 1 5 to 30 ft per minute. 

The operation of sawing is carried out as follows: 

The material is placed in position on the trolley, which may be operated 
either by hand or bv motor, and is brought up to the saw blade. Final 
adjustments to the position of the stone are then made and the trolley is 
locked in position. The water, which clears away the slurry and thereby 
improves the efficicncy*of the cutting, is turned on. The saw blade, turning 
at a speed of 600 r.p.m. is then made to traverse. The traverse speed is 
adjustable and may be varied to suit the hardness and thickness of the stone. 
Automatic stopping gear is also fitted to disengage both the ‘ feed ’ and 
4 return ’ movements of the sav at any predetermined point. 

Frame Saw. This type of saw, illustrated on p. 128 d, is used for con- 
verting large blocks of stone and marble into slabs. These machines arc made 
in various sizes, the smallest take a block of stone 8 ft long, 4 ft wide and 4 ft 
deep, and the largest a maximum block of 14 ft long, 7 ft wide and 6 ft deep. 

The saw blades, which arc made of corrugated steel, are fitted longi- 
tudinally in the swing frame. The spacing of the blades is varied, depending 
on the size of slabs required. For the type of machine shown the maximum 
number of blades which may be fitted is 40. Other models are available, a 
heavier machine designed for granite workmg takes a maximum of 20 blades 
and one designed for marble slabbing takes up to 70. 

The operation of sawing is carried out in the following manner: The 
material is placed in position on a trolley, not shown in the illustration, and 
is moved under the swing frame. Final adjustment to the position of the 
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material is made and the trolley is then locked in position. The swing frame 
is then lowered on to the material. The water feed, as may be seen from the 
illustration, consists of two long tubes with numerous projecting jets. The 
feed may be swung over the whole area of the material, thus ensuring a 
plentiful supply of water. Sand or carborundum may be added to the water 
to assist sawing. The main motor is then started and the swing frame which 
is suspended on four rods, operates with a forward and backward movement, 
by means of the steel rod connected to the crankshaft of the flywheel which is 
in turn connected by a belt to the electric motor. The controls of this 
machine are centrally placed near the main electric motor. 

Sawing and Moulding Machine. This machine, illustrated on p. 128 1 , is 
similar to the machine shown on p. 127 b, although of smaller pattern. 
It may be obtained in three types as follows: 4 Fixed Height which is used 
only for plain sawing; 4 Rise and Fall used for all bevelling and moulding 
work. It has a two-speed motor with an independent motor to control the 
rise and fall movement which, in the case of the standard machine, is 18 in., 
but movements up to 30 in. are obtainable in the more expensive models; 
4 Universal \ used for all types of woik and has the advantage of a swivel 
head which allows the machine to cut material at any required angle. 

The foregoing machines can be fitted with all the standard grinding wheels, 
employing cithci diamond or carborundum circulai blades for sawing pur- 
poses. Diamond blades give a much faster iatc of sawing, but for especially 
fine quality work carborundum saws aic used. Thcf speed of cutting can be 
gauged ftom the following examples which are based on the use ol 
carborundum saws: 

Poilland Stone 5 m deep 7 in. per minute with 5 h.p. motor. 

White Marble 5 in. deep 4 in. ^ ^ _ 7 h p. motor. 

Slate . 3 in. deep 6 in ^ 5 h.p. motor. 

If diamond blades are used the above speeds ma) be loughly doubled. 

The blocks of stone or maiblc are laid on the table of the trolley or bogie- 
shown. The table is of cast iron and the top is squared to enable the stone to 
be accurately set. The top is also slotted to allow the blades to pass right 
through the stone. The table may be eithei hand or power driven and, 
apart from the standard type shown in the illustration, a cross traverse table 
is obtainable allowing the stone to be covered any number of times without 
the necessity of moving the block itself. 

The actual operations of either sawing, fluting, moulding, etc., arc carried 
out in a manner similar to the machine illustrated on p. 127 b. 

Planing and Moulding Machine. The machine illustrated on p. 128 i 
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may be used for either planing or surfacing and moulding. Two sizes are 
made, one 12' x 5 ' x 5 ', and the other 12' x 3 ' 6 * y 3 ' b", the main tables 
being 4' 2" and 2' T respectively. The largest block of stone which may be 
taken by the largest machine is 12 ft long on the main table and 9 ft long on 
the rocking table. Average speed of cutting is 10 sq. ft per minute. 

The machine is intended mainly for planing or surfacing purposes and this 
operation is as follows: The stone to be planed is placed in position on the 
rocking table; those which overhang the table unduly are strutted by wooden 
struts. The vices are then screwed up at each end of the block, fixing it 
firmly in position. The necessary planing tool is fitted, as illustrated, to a 
movable tool box attached to the cross head and is then moved along to the 
coi *.ct position and locked. The cross head ic then lowered, either by means 
of the rope indicated in the illustration or by power, until the cutting blade is 
just below the surface of the stone. The motor is started and the main table 
supporting the rocking table moves forward, thus causing the stone to be cut. 
At the end of the forward movement, the stop, which may be, adjusted to the 
required position depending on the length of the cut required, contacts the 
* kicker ’ which automatically moves the driving belt to another pulley which 
icvcrses the motion. The cutting blade swings over, its fall being broken by 
pneumatic cushioning and resumes the cutting of the stone on the return 
movement. Thus the stone is cut in both directions, the cross head being 
lowered as required. 

Many types of moulded work may also be executed on this machine such 
as circular work, column fluting and cornices. Specially shaped tools are 
litted in the manner previously described for these purposes. For fluting, 
the rocking table is removed and special steel ‘ centres * are fitted to the 
brackets attached to the main tabic. These ‘ centres ’ are let into the ends of 
the shaft which is held between the brackets. Column shafts are surfaced 
before the operation of fluting is commei ccd. The machine illustrated will 
take a length of column shaft of a maximum of 8 ft long and maximum 
diameter of 4 ft 6 in. 


CAST STONE 

Artificial, reconstructed oi cast stone is much used now' in external work 
on buildings. There is no difference in the names: the Code of Practice 
C.P. 121.201 covers ‘Wails Ashlared with Natural and Cast Stone' and 
prefers that name. B.S. 1217 is entitled ‘ Cast Stone ' and covers the materia! 
and certain requirements of its manufacture. 

Cast stone is dealt with in much greater detail in Advanced Building Con- 
struction, but short reference here is desirable. 
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Cast stone is essentially concrete: a good quality concrete, made usually 
with a natural crushed stone aggregate and white cement and often matching 
natural stone quite well in the sample. But owing to the cement it will behave 
like concrete m that cast stone blocks will expand slightly on wetting and 
contract on drying more than natural stone, hence the tendency for joints 
to show because they open and close sufficiently to allow slight ingress and 
retention of moisture. Ashlar blocks should be matured very carefully after 
cutting so that the initial drying shrinkage should be completed slovsly. 



It is commonly used m exactly the same way as natural ashlai work; 
it has been made occasionally with a rough face to icpiescnt lock faced 
work, there have lccently been examples where concrete blocks have been 
used with wide joints. These blocks can have a pleasant individual character 
of their own and need not look like rather poor natural stone. 

One great convenience of cast stone is that reinforcements can be cast 
into the block or slab so that long lintels in one piece can be made and metal 
anchois or ties cast in which can be used subsequently to secure the block 
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or slab to the structure. Some details are shown on p. 130. Two methods 
of supporting slabs are shown, one with rods which are built into the backing, 
the other with plates which can be set in mortices formed in the structure 
when the facing is to be attached later. L-shaped and U-shaped stones are 
also easily cast for use as facing and soffit of lintels or for casing stanchions. 
These would be reinforced to strengthen them for handling, until fixed. 

SLATE TN WALLING 

Riven Face Slabs. Slate is quarried in several parts of the British Isles, 
e.g. the Lake Distiict, North Wales, Devonshire, etc. The beds of slate in 
the quarries often have a slight camber v*hich restricts the maximum size of 
slate available. For instance, the maximum Lake District slate is 24 * x 18* 
for r-r thickness and 18' X 12' for \ n thickness. 

The slates are split m the quarry with great skill to produce an attractive 
natural grained surface. Alternatively, the slate can be sanded (matt), 
rubbed ( semi-polished) or frame sawn finished. 

Fixing (Wall Facing Slabs). Drillings are made in the edges of the slabs 
and, into these, thick copper wire or similar non-ferrous cramps are dropped 
and turned horizontally into the wall, where they are grouted into the brick- 
work or concrete. The backing may be solid cement mortar or the 4 five 
spot ’ technique may be used, i.e. a series of dabs which make the plumbing 
and levelling of the slat? easier. The weight of the facing must be taken by a 
projection from the backing wall of concrete or other material. ‘ S * hooks 
are also used of similar copper wire to locate the bottom edges of slabs. 
Other methods are sometimes used, e.g. robust non-ferrous corbels (£ in. 
thick for slabs 1 in. thick) which arc let into grooves in the back of the slabs 
to take their weight, or the weight can be taken on a non-ferrous angle 
engaging in a rebate at the back of the slab, the angle being rag-bolted to the 
structure. 

The drawing on p. 132 shows the slabs bedded solid on to a cement render- 
ing. The metal cramps are placed every third course, one for each slab. 

The drawing on p. 132 also shows the slabs bedded against the concrete or 
brickwork with the 4 five spot * technique, each being fixed with two holes 
on the top edge for wire cramps, and one hole dulled for the 4 S * hook on 
the bottom edge for location. 

Copings. Copings are usually supplied from the quarries in random lengths 
(not less than 2 ft) and 1 in. thick. They may be weathered twice, throated, 
and may be frame sawn finished on top. They are drilled to receive anchor 
cramps every 20 ft or so and are drilled centrally at the end of each slab to 
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receive copper dowls. It is as well to run a bituminous D.P.C. under the 
coping so that the joints do not permit moisture to enter the wall. 

Sills. Continuous slate sills in 5 ft lengths can provide a very satisfactory 
precise solution to the problem of forming sills. As the material is impervious, 
the weathering can be made very slight and can taper down to J in. The sills 
may be weathered, grooved and throated, and if necessary a rebate can be 
formed to receive a hardwood fillet or aluminium angle to which the 
window frames can be fixed. 



9 

Timber 

Composition. The growing tree contains a large amount of moisture which 
may be 150% of the dry weight of the timber. A large amount of this 
moisture has to be removed under controlled conditions before it can be 
used in building. Other components are cellulose and hemi-cellulose; 
these two materials can be hydrolysed with acids to produce sugars, or they 
can be used as the law material for paper pulp, rayon, explosives and glues. 
Another constituent is lignin which is the only non-carbohydrate present and 
is the natural cementing material, holding the individual cells to each other. 
The proportion of lignin (up to 35 %), is an index of the compressive strength. 

The proportions are roughly as follows : 

Cellulose 45-60% 

Hemi-cellulose 1 5-25 % 

L ignin 25-35 % 

There are minor constituents— -resins, oils, tannins, alkaloids, etc., which 
are not usually exti acted commercially but often give the timber its 
characteristic odoui, i.e. oak, cedar. * 

Structure, limbers are diviicd into two main groups: 

Softwoods, i.e. firs, pines— with needle-like leaves: conlfepak. 

Hardwoods, i e. oak, beech — bioad-leafed: dicotyjledoneae. 

The terms hardwoods and softwoods can be misleading as there are some 
hardwoods, i.e. balsa, which arc very soft and some softwoods which are hard, 
but they give the right idea very generally. 

Seasoning. This is the process of removing by drying the excess moisture 
from the wood in a controlled manner, to prevent the shrinkage which occurs, 
causing cracks and other defects. The greatest shrinkage will occur in the 
direction of the annual rings. There is only about half the amount of shrink- 
age radially; that is why, in order to avoid warping, it is advisable to 
quarter-saw a log, i.e. cut as far as possible radially. 

Logs are cut into boards so that there is a larger surface for drying and so 
that the outside of the log does not dry and shrink and crack, leaving the 
interior still wet. The boards are then stacked on ‘ sticks ’ which are x V 
bearers put in to facilitate air circulation between each board and left to 
air season, preferably under cover. This process may be combined with 
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kilning, i.e. oven-drying, or the kiln may be used for the whole process of 
seasoning. Notice that there is no conflict between the two methods, they 
are complementary to one another. 

Conversion. This consists of sawing up the logs to produce timber of 
sizes for use. Timber for ordinary carcassing is usually produced by sawing 
the log ‘ through and through \ If the timber is high quality then it may be 
quarter-sawn in many different ways to produce timber for a variety of uses. 

Once sawn to size, timber may then be planed with a rotary planer. This 
reduces the size by & in. on each face so that material that is ‘ planed all 
round ’ is , 3 tl in. smaller on each dimension. This is important to temember 
when detailing joinery. 

Softwood Sizes. Some sizes are readily available and othcis aic not. It 
is useful to know which are which. The following are normal'y readily 
available: 

Redwood and whitewood: g'\ /3', tV 

r 7* 

r J4', 8' 

r > \ Ur, 9' 

tr y 

irl 1 5j' 

2" J ^5" 


With the exception of: g' / T upwaids 
V 8" upwards 

v > w, iv ' 3", ir * 4' 

and 2" y W 

2\'\ y , and 4' - 11' are also readily a\ailable, as are 
4" > 6\ 4" > 7', 4* 8', 4" > 9" 

Paiana Pine: V * 6"-12' in 1 increments 
1' v 6"-12" in U' 

1" 6'~12" in Y 

(with the exception of 10" and 1 1") 

Eastern Canada mainly Spruce: 

2*, 2V, 3" * 3"-8" in 1" increments with the exception of 
2 V / 3" and 3" > 3* 
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Douglas Fir and Western Hemlock : 

l # x4 # , 6", 8" 
i v x r, 6", i\ 8", r 
2" x 3", 4 \ 6", 7", 8", 9" 

2 \" s < 4", 6 ", 7", 8", 9" tin carcassing qualities only) 

3" x 4", 6", 7", 8", 9', J Tand 12" 

4" x 4", 6", 7", 8", 9", 1 l"and 12" 

Lengths. Average lengths may be »aid to be 12 ft. but vary from 5 ft to 
24 ft. Certain species such as Douglas Fir can be obtained up to 60 ft but 
this increases the price. 

Hardwood Sizes. It is interesting to note that hardwoods are imported 
in random widths where softwoods are imported in parcels of boards of one 
width. The result of this is that it is inclined to be expensive to order boards 
in large quantities over o in. wide. 

4 Strips \ i.e. stock l" x 5" and less are economical, and ^ shorts \ that is, 
lengths under 6 ft, can be obtained at a reduced rate. 

Available sizes of hardwood differ very widely and the following are a few 
examples. 


African Walnut 

6"~16' - r-3* 

Length up to 16 

Agba . 

6"- 18" ' r-3' 

Length up to 18' 

Beech (European) 

A\cragc 7 V wide Length up to 10 

Birch (Canadian) 

4" >' l"-3" 

Lengths about 6 

Camphor Wood . 
(East African) 

Up to 12"' y-r 

Length up to 18 

Makore 

6" ' V-2" 

Length average 6' 

Meranti 

4-12' l'-4' 

Length up to 24 ' 

Oak (European) . 

6" > r-4" 

I engtii a\erage 6' and up 

Sapele 

r- 24 " > r-4" 

Length up to 20' 

Teak . 

6M4' x r-4" 

Length average 9' 


It is always advisable to ask a merchant for his stock lists before ordering 
material. 

Movement. A reduction in the relative humidity of the air by sa\ 
10% will produce an equivalent shrinkage or expansion of a piece ol 
timber. For instance, samples of Bec'l- (European), Guijun, Keruing, 
Ramin or Tasmanian Oak, 1 ft wide, will move more than J in. tangentially 
and more than tV, in. radially. Joinery must be designed so that this move* 
ment can take place without damage. It is impossible to restrain such move- 
ment. It is interesting to realise that a table made out of, for example, Euro- 
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pean beech, of boards glued edge to edge, a total of say 4 ft wide, would 
shrink 1 in. if the relative humidity of the air (from winter to summer) 
changed from say 70% to 50%. For this reason, tabic tops especially are 
attached to their rails by soffite plates to allow for this movement. Doors 
with panels made from solid timber, and not ply, are constructed so that the 
panels move in rebates independently of the frame. Matchboarding used on 
the exterior of building and on some types of external door are tongued and 
grooved together so that each board can move independently. 

It is important to notice that shrinkage Jong the length of a piece of 
timber is less dangerous than radial or tangential movement, but even so this 
must be taken into consideration. 

In carcassing, that is, rough roof or wall framing, with traditional cover- 
ings, relative movement is not so significant as in joinery work where the 
opening of joints is both undesirable and unsightly. In order to reduce the 
amount of movement the timber is sealed by paint, varnish or oil in order to 
reduce the moisture absorbed. These surface dressings vary enormously in 
their effectiveness. Two coats of bituminous paint is the most effective and 
this is only 70% or so after a month. Compare this with a good oil paint (three 
coats) — 56%; aluminium paint (two coats) — 35%; copal varnish — 20%; 
oil and turpentine (two coats brushed)-- 0%. Some of the new synthetic 
varnishes in practice appear to be fairly effective. 

Distortion is more likely when the difference between radial and tangential 
movement is greatest. Hardwoods with relatively small movement are 
Afzelia, East African Campho r wood, Idigbo, Iroko, Muninga (veiy good). 
As, in general, softwoods arc more often used for carcassing work, the lack of 
availability of timbcis with low movement is not important (see Advanced 
Building Comtrin tion )* 


DECAY 

Fungus. Fungus is a living organism which cannot live unless it has food, 
moisture, and oxygen. Temperature is not an important factor in this 
country. The spores (seeds) germinate on the surface of timber pushing out 
hyphae into the wood. These thread-like minute tubes pierce the cells of 
the timber branching out into a mat or mycelium. The hyphae secrete 

* A good available texlbook on joinery and the selection of limbers for this work is 
The Design and Practice oj Joinery, by John Eastwick Field and John Stillman published by 
Architectural Press. See also publications by the Timber Development Association and 
especially Empire Timbers by Forest Products Research published by H.M.S.O. price 
45. 6</. This book not only describes the piopcrties of each available timber, but gives a 
table showing relative shrinkage and strength. 
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enzymes which break down the wood and provide food for the fungus. The 
spores grow often into bracket-like fruit bodies which in turn produce many 
millions of spores. 

A notable exception to this is the infection of some softwoods by Cera - 
tostomella , in which case the hyphae feed only on cell contents and not on 
the cell walls, the holes through the cell walls being so small that they do not 
affect the strength. 

Timber is liable to attack by dry rot and other fungi when the moisture 
content is over 20%. The most dangerous moisture content being 30-40%. 

Dry Rot {Merulius Lacrymans ). Once this fungus has established itself 
it is muchless dependent upon external moisture supply. It will even moisten 
dry wood before it attacks it. The mycelium will develop into thick greyish 
cords which can penetrate brickwork to find fredi wood to attack. The 
spores are rust-colourcd. 

Wet Rot ( Coniophora C e rubella, or Cellar Fungus), This fungus requires wet 
conditions in which to exist. The sheet-like fruit bodies may vary from green 
to brown, the spores being produced in little pimples. Whereas Merulius 
p/oduces a charred effect, Coniophora produces darkened tracts across the 
grain. 

Prevention. Keep the timber dry, at least drier than 20%, and this may be 
done by providing thorough ventilation and of course, proper damp-courses. 

Frequent causes of the trouble are broken rain water pipes and drains. 

Cure. Affected wodtl must be removed and burned. All surrounding 
construction should then be treated (if uninflammable) with a blow-lamp, 
but otherwise with a proprietary antiseptic. The remaining woodwork 
should be treated with a preservative as should any new work. 

BEETLE ATTACK 

it is unusual for timber to be attacked unul it has been cut for seven or eight 
years. 

Furniture Beetle {Anobium Punctatum). This is a very common beetle 
about | in. long, which flies to timber in the late summer, and lays small 
white eggs in minute cracks and crevices. The eggs hatch into larvae (worms) 
which bore into the wood. These develop to about J-in. long, and continue 
to bore through the wood for one or two ye »rs. They finish near the surface 
of the wood, pupate, and from this the beetles develop to repeat the life- 
cycle. 

Death Watch Beetle ( Xestobium Rufovillosum). This is similar to Anobium 
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Punctatum, being of the same family, but it only attacks hardwoods. The 
larvae are bigger and are covered with long, yellowish hairs. The other 
chief characteristic is the dust left in the holes which in this case consists of 
large bun-shaped pellets. The beetle makes a ticking sound during the 
mating period May or June, by tapping its head on the side of the holes. 

Powder Post Beetles ( Lyctus ). TTiere are several varieties of this beetle, 
which are usually about £ in. long and red, brown or black in colour. It 
attacks sapwood of certain hardwoods, i.e. oak, ash and elm. It produces 
a fine, flower-like dust which is pushed out of the holes on to the surface. 

Control and Preservation. Best time to apply preservative is in the early 
summer so that the beetles are killed on emerging from their flight-holes. 
Liquids should be brushed well into cracks and fissures. Death Watch Beetle 
will not attack dry timber, free from rot; and Powder Post Beetle will not 
attack timber other than the sapwood in hardwoods. 

The function of a preservative is to poison the food matter in the timber, 
but this poison must not be dangerous to the carpenter and it must not wash 
out in the rain. "its effectiveness will depend upon the degree of penetration 
that can be achieved. 

Creosote. This is a cheap and effective method of preservation which may 
be brush-applied or applied by pressure impregnation in tanks. 

Wolman Salts. These may be brush applied also. The proptfetary system 
can be carried out by specialists. This preservative has the advantage of 
being practically colourless and has no bad effect tipon paints and other 
finishes unless water gets into the timber behind the paint film. 

Water-soluble Preservatives. Examples of these are Sodium Fluoride, 
Zinc Chloride, Mecuric Chloride and Copper Sulphate. Most common of 
these being Zinc Chloride. The main difficulty with this type being that they 
are only suitable for interior use. 


DESIGN 

Carpentry. Here, the principal problem is usually the spanning of space, 
e.g. roof of a house, suspended upper floors, lintels, etc. The chief technique 
is that of making the joints between the various members, as in a roof truss. 
Techniques have developed considerably recently so that instead of timber 
being cut away to form a joint, metal fastenings can be used which do not 
necessitate this and therefore more economical timber sizes can be employed. 

Joinery. Joinery is mainly concerned with the craft work involved with 
fully finished timber which is exposed to the view. The problem of relative 
movement looms very large. Very many types of joints have been developed 
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in the course of time which are both strong and show any shrinkage as little 
as possible. 

Several new, very efficient glues have been produced in the last decade or 
so which are making some of the traditional joints obsolescent. 

Another important problem in joinery is that of producing plain surfaces. 
At first the problem seems very simple, but when it is realised that sup- 
porting framework and the timber foiming the plain surface or panel move in 
different directions and have different coefficients of movement, it can be seen 
how difficult it can be. 

Joinery work includes both hardwoods and softwoods, but timber being 
both planed and sanded is & in. smaller on each face when finished than 
its nominal ’ size, that is the size when it has been sawn only. 


STRESS GRADING Of SOFIWOODS 

When designing in timber structure, it is vital to know the maximum stress 
each member can take. Timber without defects is obviously stronger than 
timber with defects (e.g. knots, shakes, badly sloping grain,- etc.). 

In practice, it would be highly uneconomical to specify absolutely 4 clear ’ 
(defect-free) timber. Certain limited defects have to be accepted. 

As a result of much research and testing the effect on the strength of timber, 
of the various types and sizes of defects, is now known. 


Group 


Slandaid name 


/Douglas Fir 
(coast) 
Longleaf 
Pilch Pine 
i Shortleaf 
^ Pilch Pine 


{ Canadian 
Spruce 
European 
Larch 
Redwood 
Whitcwood 
Western 
Hemlock 


I 


I Minimum I 
I weieht 
1 per iu It 
1 at 22% 
moisture 
content — 
lb 


Basic stresses in lb per sq. in 


■ Flexure 
i and lom- 
ptession 
trail 1 
to gram 

Compres- 
sion pci- 
pcndicular 
to jium 

Tension 

Shear 1 
parallel i 
to grain 

Modulus of 
elasticity 
minimum 

, 1.000 

1 

l 

350 

i 

1 soo 

100 

1 

1,000,000 



~ , 

i 

i 

1,200 

1 

1 

1 

1 1 

. 100 

1 

1 

1 

750,000 
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The architect can thus design a structure and know that the supplier can 
select for him timber which will stand up to the stress he requires. 

Softwood for structural uses is now divided into two groups. The table 
gives the recommended stresses for two strength groups of the softwoods 
commonly available. 

Slope of Grain. This may be determined by a scribe, which consists of a 
cranked rod with a swivelled handle, with a gramophone needle set at a slight 
angle in one end; the needle by means of the handle is drawn along the wood 
in the apparent direction of the grain producing a scribed line. The angle 
which this line makes with the edge of the piece of timber is called the inclina- 
tion of the grain, or slope. 


Beams and compression members 
not more than 4 m. thick 


Slope of giain ] Maximum permitted sJ^pe i 
on any surlace j on an adjacent surface 1 

J in 8 nil 

1 m 9 i 1 in 18 | 

1 m 10 1 in 14 ; 

1 m 11 1 I m 12 1 


Compression members 
over 4 m. thick 


Slope of gram Maximum permitted slope 
on any surface on an adjacent surface 


1 m 11 ml 

1 in 12 , 1 in 27 

1 m 13 . 1 in 21 

1 in 14 1 in 18 

1 in 15 I V ml7 


The two important figuies you will notice are thaf 1 in 8 is the maximum 
slope for beams and compress! jn members under 4 in. thick, and 1 in 11 is 
the maximum for compression members over this size. 

Wane. This is the rugged ‘ chamfer ' produced by the timber being cut 
from too close to the outside of the tree. The total reduction due to wane m 
the width of any sutface (at any point) should not be more than a quarter for 
beams and compression members up to 4 in. thick, and should not be more 
than one-sixth for compression members over 4 in. thick. 

Rate of Growth. Group 1 timbers not less than six rings (annual) per 
inch. Group 2 timbers not less than four rings per inch. 

Knots. Knots on the edge of a piece of timber aie measured at right angles 
to the edges. Those on the face and within the middle half of the depth of 
the face are taken as the average of its maximum and minimum diameters. 
Those in the top or bottom quarters, or that are cut into by the arris are 
measured at right angles to the arris. Where knots extend more than a 
quarter of the depth of the face the measurement is taken on the edge as for 
margin knots; otherwise these are known as arris knots, for which both 
exposed dimensions arc taken at right angles to the edge. 
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Knot clusters are measured in the same way as those mentioned above, 
and expressed as the sum of the averages of the diameters of the several 
knots. Knot holes are measured in the same way as knots. 

Shakes, Splits, and Checks. These are measured with a feeler gauge 
0*005 in. thick or less. They are measured in respect of either face or edge 
of the piece of timber. 


Nominal 

Knots on edge or at centic line 

* Margin knots or knots on any surface 

Shakes, 

width of 

of lace of beam or on anv surface 

of compression member or member sub- j 

checks 

surface 

of a tension member 

ject to combined flexure and compression j 

and splits 

in 

m. 

1 

in. 

1 

i 

1 

i 

u 

i 

i 

t 

-> 

1 

i 

, 1 

21 

U 

< 

4 

u 

S 1 

U 

1 

u 

4 ! 

2 

n 

. 2 

5 ' 

21 

u 

I 2 

6 


l* 

1 21 

7 i 

-H 

U 

, 2 * 

8 

31 

U 

3 

9 

31 


31 

10 ' 

4 

2+ 

3i 

11 


24 

4 

12 

41 

-•i 

41 


* Margin Knot: A knot appearing on the face outside the middle half of the 
depth of the face, near to or breaking through an edge. 

The stress grading of timber in the yard is a specialist job, but it is well 
to know the principles involved in order that supplies ma> be checked, and 
so that below-standard timber can be eliminated. 

Relatively few firms are able to supply stress giaded material. It is a great 
disadvantage to a designer if he cannot call for pioperly stress-graded 
material. However, the number of firms who are able to grade is increasing.* 

* These rules for stress grading dre set out in a booklet published by the 1 lmbci Develop- 
ment Association called Structural Grading of Softwoods. 
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Roofs and Floors 

TIMBLR FLAT ROOFS 

One of the most straightforward ways of providing a roof is to span from 
wall to wall with timber joists. The spacing of the joists depends upon 
what has been chosen to carry the bituminous felt, asphalt, or metal 
waterproofing, not forgetting the insulation. 

Material Joist Spacing 

J in. Boarding . . . . 16 in. 

1 in. Chip Board 16 in. 

| in. Chip Board, Compiessed Straw Board 

(2 in.) 2 ft or 4 ft 

2 in. Wood Wool 2 ft 

Proprietary Metal Decking Average 8 ft 

The joists must be wide enough to proude adequate fixing where sheet 
materials butt, e.g. 2 in. for compressed strawboard (Stramit) joists need to 
be at least 2£ m. wide. 

The joists must be deep enough to cariy the weight of the roof plus the 
weight of snow and of people on the j oof doing maintenance work without 
deflecting unduly. The wider ^part the joists are spaced, the more load they 
will have to carry and therefore the deeper they will have to be. 

The joist sizes may be calculated by the old rule of thumb method which is 
rather inaccurate, i.e. half the span in feet plus two equals the depth in 

inches,* eg. ^ -| 2 - 10" depth. 

* It is mole satisfactory to calculate the joists as follows 

Example: 1 o calculate the depth of joists required to carry a boarded Hat roof from 
which traffic is excluded. Assume that the joists will be 2 in. wide and that it is proposed 
to use 1 m nominal boaiding carrying a tnree-layer bitumen felt roof The joists span 16 It 
on to britl walls and aic spaced 1 ft 6 m., apart. 

Felt . . . . . 2 lb per sq ft 

Insulation, say . . 1 lb ** ’* M 

Boarding 1 in thiJv . 3 lb ” *' ” 

Joints at 1 It 6 in centres, say l > lb ” ” ” 

1 5 lb ” ’ ” Dead load 

add I S lb ” ” ” l ive load 

30 lb ” ” ” Total load 


144 



TIMBER FLAT ROOfS 


145 


Imposed Loads (Live Loads) The Code of Piactice 3 : Chapter 5 1952, 
states that an allowance of 30 lb a sq. ft or 15 lb a sq. ft it the roof is 
inaccessible to tialhc should be allowed for li\e loads for flat roofs or loofs 
sloping up to 10°. This is subject to a minimum load of 240 lb uniformly 
distnbuted per ft width of roof slab or roof co\eiing 

In the case of sloping roofs, on slopes between 10° and 30°, allow 15 lb 
pci sq ft measured on plan. On slopes between 3(T and 75 \ intei polatc value 
between 15 and ml. 

lhis imposed load or live load allowance takes into account maintenance 
trJIic onl\. 

Wall Plates. The joists must be adequately fixed at their ends. The 
ih. al method of doing this is to scat them on wall plates usually of 4' * V 
material to which the joists ate spiked. This wall plate is in turn fixed to the 
top couiscs of the bnckwoik or blockwoik with galvanised straps. 

Where openings occui in the supporting walb the roof joists aie earned 
on hotels over the openings. These lintels may be calculated in much the 
same way as the mnf joists aic, except that liMe id oi unifotmally distributed 
lo ids coming on to the lintels the loads voll be point loads, c g cenlial pom 

•odd will be e debated with a bendmg moment n] 


PITCH IH) IvOOl S 

truces. Where swans aie lnrgei , the loot ma) be earned on tnangulated 
tiu^cs This m effect mcieases the depth of the spanning element towards 
thw ventre whcie the gieatcst bendmg moment occurs. 

Single Raftered Roofs. Drawings nn p. 147 indicate simple lot ms oi 
r i A without uusses. It will be noticed in types A and B the laicnd thrust 


loiil weight cirned by c idi {ois (!' ) 1 1 t> n ✓ Hi i* h) 1h 7~0 in 

ML 720 1 o l _ 

Bending nomuit — ■ i r — v - 14,400 lo in 

B\I ^ * ssumii g Group 1 I'rnbcranJ 
0 

i 1 0i)0 U> /sq in * vtnme fibre stress) 
h - 2 in (bre ulthj 


14,400 


hOOO v 2 x r 
b 


Therefore d- = 43 in. 

J - say 7 in. 

That (ore use 7 m \ 2 in. Group 1 timber 
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from the feet of the rafters is taken by the walls, and the walls have to be 
made strong enough to withstand these horizontal forces. It is always more 
satisfactory to tie the feet of the rafters together with, if possible, ceiling joists 
as in Example C. Example D shows a form which is now obsolescent where 
a l in. bolt is used from ridge to ceiling joist. Example E shows a collar roof 
where the tie is placed higher up to give additional headroom. This means 
that in, for example, dwellings, the walls need not be taken up so high. (It 
should be noted that Model By-laws require that in habitable rooms situated 
in the roof of a building the minimum height of 7 ft 6 in. must be extended 
over at least half the area of the room measured at a level of 5 ft above the 
floor. Another b\-law (73) also requires that the top of every window 
opening piovidcd for ventilation must be not less than 5 ft 9 in. above the 
floor.) The tie in the collar roof (or collar rafters) should be attached to 
the common i afters by timber connectors. 

^ Purlins. W here the span of the rafters by themselves would be excessive, a 
Ixam or purlin is placed under them to provide support, and thus reduce the 
effective span; one or moie may be piovidcd depending upon the length of 
r d'cis (see p 153). \ mugh and icady method of calculating purlin depth 

hom its suproits on gable wall or between struts is to take half the span in 
feet, add 2 and the lesuit Ihe dq>th in inches, i.c. for a span between s«:ut> 
of K) ti jo 

2 7 ui. depth. 

'Inc tilth Schedule in must Building By-laws gives purlin spans and 
snuemgs for plain incs and single lap (interlocking; tiles, and ioi shte> (->ce 
Appendix, p. 359). 

Strutted Purlin Roof. I he di awing on p. 153 shows an economical »oof 
foi *>paus up to 22 it wheic there is a load-bearing partition near the centre 
oi the span. Ty p ical joints are i* how n on p. 154. The battens in this case arc 
i" 1', which aie slightly more economical than 1 i" \ J". Ihe rafters arc 
at 1^ in. centies and aie fc biidsmoulhcd 1 over the wall plates. The felt runs 
down over the rafters (sagging slightly so that water docs not collect against 
thr Battens) and is taken over the edge of the gutter. 

Where the * beamfilling ’ brickwork surrounds the rafters, a felt P.P.C. 
must be wrapped round the timber, to protect it from rot. 

Dormer Window and Craves. Details of a dormer window aie shown on 
p. 155. The common rafters arc trimmed for the opening with timbers at 
least half an inch thicker than the common rafters. Studding is then erected 
on the floor joists and forms the side or cheek of the dormer. On this framing 
is placed the ceiling joists and rafters. Boarding is fixed to the gable and 
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cheeks of the dormer and battened for tiling. Vertical framing supports the 
window frame and a 6 lb lead apron is laid under the window sill and dressed 
on the tiles as shown. Tiles are fixed to tiling battens, with lead soakers at 
the junction of the vertical and sloping tiling. Special angle tiles are used and 
are pointed with mortar. A 4 lb lead apron is laid on the roof of the dormer 
and dressed over the top row of tiles. 

Care must be taken to ensure that the gable tiles line up with the tiles on 
the cheeks of the dormer where they meet at the head of the window (see 
p. 155 b). 

The eaves are constructed as shown; 9* x V floor joists support a 4' x Y 
wall plate which in turn supports the feet of the rafters; 4" x Y sprockets 
are spiked to the rafters and these are stiffened by 4" x soffit bearers; 
t" soffit boarding is fixed to the bearers and the fascia board to the feet of the 
sprockets. 

The dormer window is interesting because it shows the potentialities and 
ingenuity of traditional construction. 

T.D.A. Trusses. Some of the most efficient and economical types of timber 
trusses available are those to the T.D.A.* roof design. 

There are several varieties of T.D.A. truss, but the two most important 
types are ‘ Trussed Rafters ’ and the ‘ Standard Industrial Truss ' 

Trussed Rafters. This is a very economical system which will cope with 
spans up to 26 ft. They arc available for pitches of 40° for plSin tiling and 
35° for interlocking tiles or slates. The advantages are, apart from economy, 
that no long lengths are used, the need for load bearing partitions on the 
first floor is eliminated (as wi*h a strutted purlin roof, see p. 153), and the 
trussed rafters are suitable for prefabrication. 

The trussed rafters are made in two identical halves, each half being 
identical and not paired. This is a great advantage facilitating factory pro- 
duction. The diagram on p. 158 shows how the trussed rafters are set out 
at a maximum distance of 6 ft. The trussed rafters m turn support a ridge- 
board and purlins which in turn support common rafters. (These members 
can be identified on the drawing on p. 159.) 

Joints with Timber Connections. It will be seen from the drawings 
that the principal joints are made with timber connectors. These are 
galvanised plates, the edges of which are serrated to form teeth which 
dig into the surface of the wood when the connectors are in position. 
Through a hole in the plate a bolt is passed which is tightened up to 
force the two timber members together. Under the head and the nut 

• Information sheets showing many varieties of trusses are available from the Timber 
Development Association, 21 College Hill, London, E.C.4. 
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The \alues gi\cn abo\e may be increased when the effects o f wind and snow aic considered. 

Dead load — superimposed load L snow load Add 12£% to given values. 

Dead load + superimposed load wind load Add 25 % to given values. 

The loads given in the above table are based on tests carried out at the Forest Products Research Laboratory in co-operation 
with the Timber Development Association and may be subject to slight modification in view of further research. 
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are placed two square washers so that the head and the nut do not 
sink into the wood when the bolls are tightened up. Timber connectors can 
be obtained in various sizes for various loads. Most of those used in T.D.A 
trusses are 2\ in. in diameter for use with £ in. diameter bolts. The washers 
used with these trusses arc | in. mild steel, 2 in. square. 

The advantage of a joint made with timber connectors is that the shear 
and tension stresses are transferred most efficiently, practically up to the 
maximum stress that the appropriate timber section can itself withstand 
This is because of the load-spieadtng cfTect of the teeth over a wide area of 
the interface of the joint, and because only a very small amount of wood, 
i.e. the hole for the bolt, is removed to make the joint. 

Single-sided timber connectors are available where it is necessary to join 
timber to steel, as in rigid flamed conduction. 


Timbfr Dimlnsions, Spscing and End Disiamis 


Conneuoi si/e 


?" sq 

2 A" sq. 

3' sq 

3 A" sq. 

Minimum wnshci 

si/c 

2' sq. r 

21' sq. J” 1 

3' sq ■ 4" 3 

S' sq «' 

Minimum timber size 
connector in one face 
onh 

i 21 

l r 

V * 34 * 

i" ✓ r 

Minimum timbci size 
connector in both 
faces 

U ' 24' 


2' 3> 

- 

rN 

Spacing of 
connectors 

0 

90 

f 3’" 

1 ~ y 

31' 

34' 

■44' 

34 

5 y 

4' 

End 

distance 

Min. 

Std. 

14' 

3 

ir 

y 

1 

- i 

1 

2\" 

r 


With reference to the Table on p. 161 
Single Connector Joint . The loads given arc for two membei joint assembly 
with one connector, a bolt and nut and two square washers. 

Loads and Standard Distances and Spacing . The loads given are foi 
standard end distances and spacings. If it is necessary to depart from these 
standard dimensions the allowable load must be reduced. 

Loads at Angle to Grain. When loads at angles to grain are different from 
those given in the table the safe load may be determined by interpolation. 
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Multiple Connector Loads . For a multiple joint assembly in which more 
than one connector of the same or different sizes are used on the same bolt, 
or with separate bolts, the safe load is the sum of the loads given for each 
connector unit. 

Moisture Content. The loads given are for timber with a moisture content 
of 20%; this is approximately the percentage reached by timber in this 
country from air drying. If there is any risk of decay a suitable preservative 
treatment should be given. 

Assembly of Connector Joints. All bolt holes should permit the bolt to 
be driven easily. Generally, the bolt holes should be & in. larger than bolt 
diameter. 

Caie should be taken to ensure that the drill or bit is always at right angles 
tc i he timber member. 

It is most important that the bolts are properly spaced, i.e. at distances 
not less than the table above; and that the minimum end distance from the 
centre of the bolt to the end of the member is adhered to, otherwise failures 
may result. 

A threaded tool with a large nut and ballracc washer is available for 
initially tightening up joints. When the joints are first assembled, a 
bolt sufficiently long for the completed joint will not be long enough till the 
teeth of the connector have been driven into the interfaces of the joint, so this 
tool is practically indispensable. 

Variety. A wide variety of trusses and frames are possible using the timber 
connector technique. Sec drawing on p. 157 for some examples. 

Framing Anchors. These are galvanised metal angle plates drilled for nail 
fixing which are quick and efficient for light framing. They can be used to 
take shear, compression, and tension stresses so long as care is taken to see 
that the nails are loaded in shc' lr \ Diagram on p. 160 indicates their uses and 
types. It will be noticed that the) are handed, which means that oi dering 
must be undertaken with care. 

It is important to specify that the anchc>i s must be galvanised or sherardised, 
and it is advisable to paint Ihe framing anchors when fixed with two coats of 
high quality bituminous pamt. It is vital to use nails (galvanised) of the right 
size and gauge, so that there is a drive fit. In making a joint with a framing 
anchor no material is cut away so that the maximum economy of timber is 
achieved. 

Safe Working Values. (For use with oMtwood.) In general when two or 
more anchors are used in combinations the allowable load will be the sum 
of the individual loads (see Drawings X, Y and Z, p. 160). 
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Framing Anchors (see p. 160) 


Load direction (Drawings X, Y and Z) 

A 

B 

c 1 

D 

E 

F 

Short-term loading (wind, snow, earthquake) 

450 

825 

420 

300 

510 

790 

Long-term loading (live loads, dead loads) 

300 

530 

290 

200 

340 

525 


Values given are for one anchor in pounds. 
(By courtesy of Me Andrews and Forbes Ltd.) 


CONCRETE ROOFS AND FLOORS 

Flat Roofs in situ . In its simplest form timber shuttering, i.e. a timber 
platform, is erected at ceiling level, and propped frequently to support the 
load of the wet concrete. The top surface of the timber is then painted with 
mould oil to prevent the set concrete from adhering to the timber so that the 
timber cannot be removed easily. Small ‘ tiles ’ of high grade concrete are 
then cast, 1 in. .hick. These are placed at frequent centres over the timber 
shuttering. These tiles support the steel reinforcing mesh and ensure that the 
underside of the mesh will have a cover of at least 1 in. of concrete. The 
concrete is then cast to the required thickness, and vibrated or punned so 
that it is properly consolidated around the reinforcement and so that all the 
voids are eliminated. At this point caic must be taken that* vibration or 
punning is not overdone so that a cement rich skin oi laitance is not brought 
to the surface — reducing strength of the mix. As soon as the concrete has 
set sufficiently the shuttering is removed for re-use elsewhere. 

It should be noted that although high-grade concrete may in itself be 
waterproof it is not impermeable to water vapour. In any heated building 
insulation must be provided, but it should be provided in such a way that 
condensation cannot occur. It has been found that one of the best ways of 
applying the insulation is to stick 1 in. insulation board to the top surface 
of the concrete with a continuous layer of hot bitumen, the felt or asbestos 
roofing being fixed to the top of the insulation. This arrangement ensures 
that the hot bitumen layer, being the vapour barrier, is kept at a temperature 
above the ‘dew point’ or ‘condensation point’ of the air within the building, 
because the insulation is above it. The mistake is frequently made that 
either no vapour barrier is placed in the roof or that it is placed above the 
insulation where it can be chilled below the condensation or dew point of the 
air within the building, causing large quantities of moisture to condense out 
within the insulation and concrete structure. 

Where the humidity of the air is expected to be relatively low, i.e. in 
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positions other than kitchens, bathrooms, laundries, etc., then a half-inch of 
insulation board is usually sufficient. 

Hollow Pot Floors* In section, the concrete in the middle (about the 
neutral axis) does very little work to resist bending stresses. A more econo- 
mical floor from the point of view of the use of concrete is the hollow pot 
floor; in this, hollow clay tiles, which are similar to hollow clay partition 
blocks, are placed direct on the timber or metal shuttering. Spaces are left 
between the rows of blocks at frequent intervals for the reinforcing rods. 
Concrete is then poured to fill these spaces, surround the rods, and to form 
a topping of concrete 2 or 3 in. thick to resist the compressional stresses set 
up when the floor is loaded. Stirrups are placed in to tie up the topping with 
the tension reinforcement near the underside of the floor. 

The disadvantage with in situ work is that so much wet concrete has to be 
poured on the site. In spite of this a good contractor can often quote very 
competitive rates for an in situ concrete floor. 

Pre-cast Floors (see p. 1 65). There are numerous proprietary makes of pre- 
cast concrete floor and roof beams; these may be T-shaped in section or like 
flattened hollow tubes, or again like a flattened inverted U (trough section). 
The main advantage here is that the work of erection is just a matter of off- 
loading the beams from a lorry and placing them straight in position on the 
bearings or walls. It is often then necessary to cast a screed gf concrete to 
fill up the gaps between the beams and to tie the floor together, provide a 
space for the embedding of electric conduits and a tlue surface for the floor 
finishes. The ceilings underneath may be attached to a timber frame- 
work ; alternatively beams may be plastered direct on the undersides. 
Patchy discoloration of the ceiling may occur in this case (pattern 
staining) caused by the different rates at which heat is transferred through the 
floor or roof, the hollow parts of the floor transmitting heat less rapidly than 
the solid parts. Dust particles carried on the resulting air currents bombard 
the surface, producing the staining. There are many proprietary forms of 
suspended ceiling involving the use of aluminium or mild steel angles and 
metal trays, plaster board, insulation board, etc. The space between the 
soffit of the concrete and the suspended ceiling may be used for lighting 
fittings, air ducts, electrical conduits and other services. 

Pre-stressed Floors. Prc-stressing is a refinement in the use of steel in 
concrete floors whereby v ires of much smaller diameter are stretched tightly 
within the concrete tending to arch the beam upwards till the beams are 
loaded. In effect this means that much heavier loads can be carried before 
the underside of the concrete starts to crack with the sagging of the beams. 
Proprietary makes are available. The main difficulty is that the amount of 
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the arching of each individual beam when delivered tends to differ (sometimes 
by as much as two inches). This makes the plastering of the ceiling difficult, 
and means that the more expensive suspended ceilings may have to be 
resorted to. 

The positions of any holes in either pre-cast or pre-stressed floors must 
be worked out beforehand, and cardboard tubes or other formers placed in 
position when the concrete is poured. If, as is frequently the case, holes are 
drilled or chiselled in the floor after the concrete has set the reinforcing wires 
are very likely to be damaged, which may be a serious matter with a pre- 
stressed floor. 

Concrete Roof Trusses. Over about 50 ft span the cost per foot run of 
concrete truss tends to decrease as the span increases, whereas the opposite 
is the case with a steel truss. Trusses are cast in sections, assembled from the 
ground and then raised in position. Their cost is competitive with steel, 
and have the singular virtue that they need no painting. Although these 
trusses are naturally heavier than steel ones, the increase is not such as to 
make much difference to base sizes. Purlins can be provided in pre-stressed 
concrete able to span adequately the 15 ft between each truss. Spans are 
available ex stock as follows: 

Clear Spans: 20 ft 4 in., 26 ft 2 in., 32 ft 2 in., 38 ft., 44 ft., 49 ft., 54 ft. 

The columns aic usually of pre-cast concrete slotted into concrete bases. 
The principal advantage here is the fire resistance. 


FRAMES TOR PITCHED ROOFS 

The distinction between these and trusses is that there is no triangulation of 
forces, e.g. a Woolaway single-span frame consists of columns up to 50 ft 
apart to which are attached (by a post tensioning method) what would other- 
wise be the top chords of the trusses (see p. 167). The apex joint is slightly 
thicker than the remainder of the chords which are in fact in situ jointed at 
their centre points. The joint between columns and chords at the eaves 
is also thicker (as at the apex) because there the bending moment is greatest. 

The concrete tlnee-pin frame is similar in some respects except that most 
of the moments arc taken up at ea\cs level, the chords getting slenderer 
towards the apex where there is a pin joint formed with steel hinge plates. 
The other two pin positions arc theoretically at the base of the columns. 
Spans are available up to 60 ft at 1 1 ft centres. 

These frames for pitched roofs are more expensive than concrete trusses, 
but have the advantage that there are no bottom tics. This means that the 
roof space can be completely utilised. This is useful in factories where a 
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fork-lift truck type of transport is employed, and in churches and halls. 
This ‘ arched 9 framed construction described above can be carried out in 
other materials. 


OTHER ROOF AND FLOOR SYSTEMS 

Laminated Timber Arches. The development of new efficient waterproof 
glues has made the development of laminated arches possible which can 
achieve great spans, up to 1 50 ft. One technique of construction of such 
arches is first to make a rigid formwork of timber to the profile of half of the 
arch, i.e. from foot to apex; planks are clamped to this shape and one by one 
glued together to form a multi-layer sandwich of the required thickness. 
When the glueing process has been completed the halves are then cut, cleaned 
and planed, and delivered to the site where they are erected and bolted 
together at the apex; the feet of the arches fit into metal plates grouted into 
the foundation concrete. (See drawings on p. 170.) 

Steel Frames. Gieat strides have been made recently in structural theory 
the plastic method of design — enabling arches of R.S„J. section to be 
formed in which bending stresses are distributed throughout the frame. This 
results in much saving of steel and a delicate-looking form. 

A point to be borne in mind is that in order to make steel fire resisting it 
has to be surrounded in concrete or some other protective material (brick- 
work, sprayed asbestos,* gypsum or Portland cement, plaster on metal lathing, 
etc.). 

Steel Tubular Trusses. Efficiency . For compression members the tube is 
a very efficient section, the material being evenly distributed and an equal 
distance from the neutral axis. Welding techniques arc now reliable and 
make the jointing of tubes a tiraightforwnrd proposition. 

From this has developed a technique of making welded tubular trusses. 

Standardisation . Tubular trusses arc available from stock in the following 
sizes: 


IS ft 4 in. . 

£9 13 s. 3d. 

27 ft 6 in. . 

£20 Is. 9 d. 

33 ft 4 in. . 

£21 18.t. 6 d. 

40 ft 

£29 16j. 0 d. 

50 ft 

£58 145. <W. 

60 ft ... 

£75 125. 3d. 


The trusses are placed at 15 ft centres and usually stand on tubular columns. 
Purlins (£3 14 j. 3 d. are spaced about 4 ft apart and are 3 in. in 
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diameter. Sheeting rails for asbestos cement or other wall sheeting are the 
same diameter and are placed at about the same spacing. 

Columns . The feet of the trusses may be carried on tubular columns; for 
example: 


Heights 

Diameter 1 

i 

i 

Approximate cost 
U9S8) 

1 8 ft h 3 ft below ground j 

6$ in. x 7 gauge 

£20 9s. 

6 d. 

16 ft -f 2 ft below ground 1 

6{f in. x 7 gauge 

£15 6s. 

3 d. 

14 ft -f 2 ft below ground 

6, in x 7 gauge 

£16 145. 

0 d. 

12 ft f 2 ft below gtound | 

6g m. v 7 gauge 

£11 12?. 

6d. 

10 ft 4- 2 ft below ground j 

6 1 in. \ 7 gauge 

' £10 Is. 

6 d. 

10 ft f 2 ft below ground 1 

5$ m. x 7 gauge 

£8 6s. 

6 d. 

8 ft -H 2 ft below ground J 

m. y 7 gauge 

j £7* 3 s. 

3 d. 


Bases. These must be set out accurately with the aid of piofiles (see p. 
19) and a steel tape using running dimensions. The concrete used is 
usually 1 : 2 : 4 of good quality (see p. 27). The following table gives an 
idea of base sizes for various spans : 


I russ span I 

1 

Standard dimensions 

Column below 

Dcrth of concrete 

for concrete bas.es i 

floor level 

below column 

18 ft 4 m. 1 

{' 6' X V 6" X V 1 

2 ft 

1 ft 

27 ft 6 in. j 

2 r < s 

2 ft 

1 ft 

33 ft 4 in. | 

2 6" \ 2 o X 5 

2 ft 

1 ft 


i 


The bottom of the concrete base (see drawing on p. 172) should always 
be at least 3 ft below ground level, i.e, to keep the base free from seasonal 
movement. 

Gable End Trusses. Special trusses are available for gable ends which 
incorporate horizontal rails so that sheeting can be carried up the gable of 
the roof. 

Assembly. The trusses arrive on the s>te usually in two halves which are 
then bolted together at the apex and at two points in the bottom tie. The 
purlin clips are already welded on to the top chord of the truss. The truss is 
then raised by means of a crane or derrick and lowered on to the column 
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caps. Bearing plates at the feet of the trusses are then bolted to the column 
caps (see details on p. 171). Purlins are then positioned; and the asbestos 
cement, aluminium or other sheeting is fixed to the purlins and sheeting rails 
(attached to the columns). 

For light industrial or storage buildings this type of construction fills a 
valuable role because of its lightness and efficiency, and its economy derived 
from the fact that the elements are entirely prefabricated and are drawn from 
stock. Insulation may be provided by sheeting the building in two layers of, 
say, asbestos cement with a sandwich of glass fibre insulation. There are 
several proprietary variations of this on the market. Lighting may be pro- 
vided by putting patent glazing in the roof, or alternatively corrugated 
reinforced glass, Acrylic sheet or resinous glass fibre translucent sheet 
corrugated to match the roof sheeting. 

This type of truss has been described in more detail to indicate the general 
method involved in this category of construction. There are many other 
similar systems using cither welded connections or bolted connections. 

Mild Steel Angle Trusses. These may have welded, riveted or bolted 
connections, and have been standard practice for many years. The principles 
of construction aie similar to the tubular truss, though a little more steel is 
necessary for the same spans. The surface area of steel to be painted is also 
slightly greater. Examples of these roof trusses and details*arc shown on 
pp. 174-175. 

Lattice Beam Construction. There are several proprietary makes of light 
lattice beams made out of mild steel rod which will span as much as 40 ft 
and may carry Monitor roof lights or may be arranged saw-tooth fashion to 
pro\ide north lighting. 

TIMBER GROUND FLOORS 

A floor similar to the T.D.A. design, which is a modification of North 
American practice, is shown on p. 177. The size of the joists is T y Y (as 
compared with 4" or 4]" y 2" in normal sleeper wall construction); the 4 in. 
over-site concrete is spade finished, and receives either engineering bricks, 
or common bricks with a felt D.P.C., at 1 ft 8 in. centres in one direction and a 
maximum of 3 ft 10 in. centres parallel to the direction of the joists. Over 
this is laid 1 in. nominal tongued and grooved boarding. 

The space under the boarding should be well ventilated and great care 
must be taken that no dampness is able to reach the timber either from the 
oversite concrete or from the surrounding brick or block work. 

The hearth in concrete is built up from the oversite concrete; no timber 
is permitted close to the fireplace (see p. 82). 
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Joists can be of Group 2 timber (800 lb per sq. in. in bending); these can 
be drawn from Unsorted and 5ths qualities of European Redwood and White- 
wood; and Merchantable qualities of Douglas Fir and Western Hemlock. 
The design complies with the Code of Practice. 

Traditional Timber — Ground Floor. This consists of sleeper walls about 
6 ft centres supporting 4 X V or 5" x 2" joists. The joists are fixed to 
wall plates running along the tops of sleeper walls by means of spikes skew 
nailed from each face of the joist. A damp-proof course is placed in the 
sleeper wall which is usually made with plenty of openings in honeycomb 
formation to facilitate ventilation. The oversite concrete must be thickened 
to 5 in., preferably 6 in., under the sleeper walls to take the additional 
load. It will be seen that this method is not sc economical as the 
T D.A.-North American variety. 

Joints in Floor Boards. It is not satisfactory to butt floor boards with a 
square joint; they should be either cross-iongued, tongued and grooved, 
rebated, filleted and gro 'ved, or splayed and rebated (see diagram 'Mi p 178). 
For these joints the tongued and grooved is perhaps the mosf popular. The 
splayed and rebated joint has the advantage that secret fixing is easier. Square 
or butt joints are bad, because floor boards arc almost bound to shrink 
slightly causing loss of heat through draughts. This air leakage can amount 
to considerable proportions. 

Floor boards must be cramped together as they are laid cither by a 
mechanical floor ciamp* or by levers, or by folded wedges tightened with a 
hammer against dogs temporarily driven into the joists. This cramping 
minimises the effects of shrinkage. Ideally the floor joists should be stacked 
in the building in order that the timbci can adjust itself to the final indoor 
climate. This practice is most certainly advisable with a hardwood floor. 

TIMBER UPPER FLOORS 

Joist Bearings. Joist ends should sit on a timber wall plate usually 4" 
or 4\ v v 3'; this may be supported dnoctly on the brickwork, or on gal- 
vanised corbels 4" v J", turned up at the ends to retain the plate (see p. 180). 

The joists vary slightly in their depth. In order to make the floor level the 
joists must be packed up on the plates either by thin slivers of timber or by 
checking or notching out the joists over the plates to leave a standard neck 
of joist immediately above the plate. The parking up method is often 
abused, odd shavings and chips being us d * these concentrate the loads and 
crush the timber, so the packing must be done with even material throughout 
the whole bearing. 

The calculation of joists for floors is the same as for roof joists (see p. 144). 
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In large floors* where joints have to be made in joists these should be 
arranged over plates. If the lining up of the joists is not important the 
joists may be laid side by side over the bearing and spiked together. 

Alternatively the joists may be seated in openings in the inner leaf of, say, 
a cavity wall. The joists should here be placed on a slip of bitumen felt, so 
that the bearing area is increased. On no account should the joist end pro- 
ject through and touch the outer leaf of the cavity wall or any wet brickwork. 

Trimming. Joists normally bridge from wall to wall. Where fireplaces, 
staircases or other openings occur some of the joists have to be cut or trimmed 
to form the opening. These joists in turn have to be supported by a ‘ trimmer ’ 
running at right angles and bearing into ‘ trimming ’ joists at each side of the 
openixig. These trimming joists, which form two sides of the opening, bear 
into the walls at either end. The drawing on p. 182 shows a 9" x 3" trimmer 
tusk tenoned into a9' a 3" trimming joist, the remaining joists, both ordinary 
bridging ones and the trimmed joists, being 9" v 2". This joint may also be 
made with a dovetailed notch, or better still by a joist hanger (see p. 160). 
Hence: * 

Bridging Joist: Joist spanning across the room from \yall to wall. 

Trimmed Joist: Joist cut to form an opening. 

Trimmer Joist* Joist j unning at right angles, thicker, supporting the ends 
of the trimmed joists, and itself supported by the — 

Trimming Joist: A thicker form of bridging joist running past each side 
of the opening and supporting the trimmer joist. 

Some by-laws require the trimming and the trimmer joists to be an inch 
thicker than the bridging joists, e.g. if bridging joists are T X 2" then the 
trimming and trimmer joists should be T * Y. In this case the trimmer 
joists should not support m r vc *han six trimmed joists. If the loading 
conditions arc worse than this, the mcmbeis should be calculated (sec p. 144). 

Joist Hangers. These are available to take joists of the following thick- 
nesses: 

1 J in., 2 in., 2\ in., 3 in and in. lor depths Irom 6 in. to 9 in. They 
should be sherardised or galvanised. 

Their main use is for carrying transverse timber, in trimming round 
chimney breasts, fireplaces, staircases, etc. They are fixed by nailing and the 
straps are bent over the top of the trimming joist (see p. 160). 

Double Floors. Where the span exceeds about 1 6 ft it is usually economical 
to use a double floor (in timber construction). The usual method is to place 
rolled steel joists at 12 ft or so centres spanning the shortest distance between 
walls. The normal timber joists then span on to the steel joists. 
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SOLID FLOORS 

There is often little difference in the cost between a T.D. A. type timber ground 
floor and a solid floor. The design of the solid floor in concrete depends a 
great deal upon the risk, of dampness; if the floor is anywhere in the region 
of the water table at the worst time of year, i.e. the height at which water 
will appear in an excavation, then it is necessary to put a damp-proof 
membrane in the floor. This is good practice. (See p. 165.) 

For domestic work the most economical method, if the ground permits, 
is to put down 4 in. of hardcore, consolidate it well, and blind the surface 
with ashes or fine material. On this place building paper and over this cast 
4 in minimum 1:2:4 concrete. This should contain crack control re- 
inforcement (chicken wire at least). When this has set, various damp-proof 
membranes may be applied, e.g. bituminous felt, cold bituminous solution, 
emulsion (two coats), P.V.C. film or asphalt. If there is any danger of 
positive water piessure then the bituminous felt or asphalt should be laid 
hot and jointed properly, as for tanking. If there is no danger of water 
pressuie then a sciccd of at least 1J in. thickness, preferably 2 in., or 1 : 3 
cement and sand is laid over the surface to give a smooth and true finish for 
the floor layer/ If there is danger of water pressure then a loading layei 
propci ly leinfoiced must be provided. It is necessary to calculate the thick- 
ness of this loading layer*and the amount of leinforcement required to resist 
the upwards pressure. The tanking must connect completely with the tanking 
on the walls and there must be no hole in this whatsoever. 

Power Floating. If there is no danger of water pressure then the site con- 
crete may be finished with a power float This consists of a light petrol engine 
which revolves a flat disc about 3 ft in diameter; this is worked over the 
surface. The concrete must be a veiy div nu\ and, if properly done, can 
receive the floor finish direct. The only possible snag here is that subsequent 
trades may damage this floated finish, whu n means that much rubbing down 
has to be done by the floor layer. If the site is properly managed this methoc 
can achieve great economies. There are a relatively small number of floor 
finishes which can be laid on to site concrete treated in this way; however 
good the concrete, a small amount of water vapow is bound to pass through 
this type of floor, and the finish must be such that this passage of vapour will 
not be trapped, w'hich would cause the lifting of the floor in bubbles. 

Strip Floors. Both hard and softwood sti >p floors, that is to say floors not 
exceeding 5 in. wide and l in. nominal thickness, usually 3" x V may be 

* SwC Laving Sueeils as an Unifethiv for Floor Cosenngs* M o W.Aih : r ,cry l caflet. No. 5. 
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laid on solid by means of splayed and creosoted (or otherwise rot-proofed) 
battens let into the screed above the damp-proof membrane. These battens 
are 3* x 2 \" or even 2 " x 2". The technique is to place the damp-proof 
membrane, set out the battens on top of this at 1 ft 3 in. centres, and then to 
screed over with cement and sand 1 : 5 to locate the battens permanently 
and to make the floor quieter. The tongued and grooved boards or strips 
are then secret nailed to the battens; if the ends of the boards or strips are 
end matched, that is, the tongue and groove run across the edge, economy is 
achieved because the boards need not then join immediately over a batten. 
(See p. 178.) 

Wood Blocks and Ply-type Floors. These may be stuck down to the surface 
of the finishing screed by means of hot bitumen or a proprietary adhesive. 
It is not a good thing to lay the blocks or strips tightly up to the walls, as 
slight expansion of the blocks or strips may damage the walls. Strip floors 
are usually laid with slender wedges against the walls, which must be removed 
before the skirtings arc fixed (except at the ends of the strips). When timber 
floors have been laid they should be piotected with sawdust. One of the last 
operations should be the sanding and dressing of the surface with wax polish 
or a proprietary synthetic vainKh. 

BY-LAWS 

Cavity and Damp-proof Course. The cavity in cavity wall constiuction 
must be carried down at least 6 in. below the damp-proof course. The 
ground level should be at least 6 in. below the damp-proof couise, so that 
flowerbeds or other movement of earth will not bridge the damp-proof 
course and help to transmit moisture into the walling above 

Ventilation. 1 imbci floors (the lowest) must be arranged so that the space 
below the floor and the over-site concrete is adequately ventilated. Ducts 
must be provided connecting to air-bricks in outer walls, under solid floors 
so that adjacent timber floors have through ventilation; this can be done 
by means of drain-pipes. Sleeper walls must have openings left in them for 
the same reason. 

lVlinimum Dimensions. The underside of joists in lowest floors must be 
at 9 in. from excavated ground level if not covered with over-site concrete, 
or not less than 3 in. from the surface of over-site concrete. No timber 
must be in contact with wet construction, i.e. must be protected by a damp- 
proof course. 

Tanking must be continuous between floors of basements and walls, up 
to the mam damp-proof course (6 in. above ground level). 
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Dovetail. This* is, of course, a traditional joint (see drawing on p. 188) 
and is looked for as a sign of traditional craftsmanship. It is not suitable 
for machine production. 

^Locking Joint. This is the machine-made development of the dovetail. 
It in fact does not lock in the same way as does the dovetail, but presents a 
large gluing surface and is therefore mechanically effective. 

There are other variations of this type of joint. 

Rebated joints, tongued and lapped joints and tongued joints serve to 
locate membeis. They are not normally acceptable in good-quality work 
unless metal or other fastenings are also involved. These joints either involve 
the gluing of end grain or side grain or expose ‘ short ’ grain to stress. 

Longitudinal Joints 

These are joints used to provide greater widths of timber, such as in some 
types of table top or, more generally, in flooring. Owing to moisture move- 
ment it is better, when possible, to use laminated boards or plyboards. 

Edge lo Edge Joint. This is the simplest form, and suffers from the fact 
that the glue surface is very large indeed and it is therefore necessary to cramp 
the joint up thoroughly to ensure complete contact. On the other hand, 
certain gap-filling glues suffer from undue pressure because too much glue 
is squeezed out of the joint. The joint is also rather difficult to locate. 

Tongued and Grooved Joint. This is a very common form in which a small 
tongue is formed on ong half engaging with a groove in the other half of the 
joint. The tongue must be kept a little shallower than the groove so that the 
face of the joint closes up tightly, and the sides of the tongue help to eliminate 
the possible failure, of any part of the glue line. (See p. 191.) 

Cross-Tongue. Here, two grooves are cut in each edge, and a cross- 
tongue with the grain running at right angles to the edges, is glued in. Here 
again, the cross-tongue should be slightly shorter than the combined depths 
of the grooves. A double cross-tongue is similar for boards of greater 
thickness. (See p. 193.) 

There are many variants of the treatment of the face of these joints, e.g. 
V-joint, beaded joint, grooved joint. These all tend to accentuate the 
position of the joint and hide any shrinkage movement. Another variant 
enables the boards to be secret nailed rather than glued for flooring (see 
p. 178). 

Metal Fastenings 

Slender steel pins are often employed to locate joints when in the process of 
gluing. The pins are driven slightly below the surface and the surface 
stopped and finished flush. 
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Wood Screws 

These are most often used in joinery when panels, for instance, may have 
to be removed occasionally (duct covers, etc.). The best specification involves 
the use of brass cups so that the screw driver does not damage the counter- 
sinking, and so that continual removing and redriving the screw head does 
not damage the wood. 

Alternatively, screws may be driven so that the heads are below the surface 
when they are stopped with pellets of similar wood glued in. Prepared holes 
should always be driven in preparation lor screws, of a diameter slightly 
less than the screw. 

Scandinavian joinery manufacturers are less coy about the use of metal 
fastenings than we are in this country. They frequently use metal star 
dowels to locate a framed joint when gluing. They also use flat angle plates 
screwed on to reinforce, for example, window frames. So long as the metal 
fastenings are well made and finished the resulting effect is not displeasing 
and they have'advantages in manufacture and possibly in service. 

Housing 

This is the type of joint typified by an intermediate shelf of a bookcase joining 
the side, i.c. a T-joint rather than an L-joint. Here the continuous member 
is grooved to receive the ‘ shelf’ member (see pp. 188 and 191). The housing 
may be carried right through to the edge of the boards or it may be stopped 
short so that the joint appears to be a butt joint. 

A shouldered housing involves the machining of the stub tenon on the 
end of the 4 shelf ’ ; the groove in the continuous board can therefore be 
narrower. If the groove and the stub tenon are dovetailed in section there is 
then no danger of the shelf pulling away from the continuous member. 

Alternatively short dowels may be set in the ends of the shelf member and 
engaged in holes in the continuous member. 

With this category of joint, care must be taken that the shear loading is 
catered for by a sufficient cross-sectional area of material. 

PLYWOODS AND BOARDS 

As mentioned before, it is not generally satisfactory to glue or otherwise 
fix boards edge to edge to form a large timber surface —the tangential shrink- 
age is almost bound to cause trouble. 

Ihis difficulty has induced the production of various forms of ply and 
block board. 
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Plywood. This consists of a series of veneers or plys* which are glued 
together in a multi-layer sandwich to the required thickness. It is important 
to note that the direction of grain of each succeeding layer of ply is at right 
angles to the one below. This makes for stiength in both directions of a 
relatively thin sheet of material. These plys can be built up to produce 
thicknesses of up to 2 in. 



• CIRCULAR SAW BENCH • 


Three-ply is available in thicknesses in » 32 in., } in. or in. 

Five-ply in ^ in., I in., I in., f in. 

Seven-ply in 5 in., i in., I in. 

Nine-ply in l in., 1 in. 

Many different varieties of timber are used in the construction of ply, 
such as Birch and Muhuhu, etc. A vast selection of veneer-finished pl>- 
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woods are available. Plywood may be specially heat treated to produce 
various surface patterns. They also may be plastic and metal faced. 

The maximum width available is 60 m. ; the other standard sizes are 
54 in., 48 in., 42 in. and 36 in. The maximum length is 120 in.; otheis 
available being 108 m , 96 in , 84 in , 72 in and 60 in. 



i 

f -HIGH SPEED BAND SAWING MACHINE 


The fust dimension gives the direction of long grain on the face ot the 
board, which is useful to note when ordei ing. 

Block Board. These are similar m a way to ply boards except that the 
coie consists of stnps of wood about 1 in. wide and preferably quartei-sawn, 
glued together and sandwiched by two strong veneers usually of hardwood. 

Lamin board is very similar indeed, except that the strips are i in. wide. 
Thicknesses available at g in., I in. and $» m., ; widths 120 in., 96 m., 84 m. 
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and 72 m , and lengths 7 2 in 60 m and 48 in Lamm no ird is also a\ nlable 
up to 2 m thick 

Glues. This subject is deilt \uth more fully m Advanced Buildm Con- 
struction, but where there is any danger of humid atmosphere oi water, or 
danger of attack from micio-oi gamsms, then the right glue must be specified * 

* British Standard 14^5 lays down foui main grades va ving from weather uid boil 
proof (WBP) down to interior grade ply (IN f) 
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SINGLE END TENONER 
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Certain plywoods aie manufactured which are also impregnated with 
preservatives to make them resistant to insect attack and fungus 
Jointing. The mam snag about the use of plywood is that unless the glue 
specification is good there is danger of the outer plys being chipped off at the 
edges when in use. Generally the higher the quality of the work the moie 



care is taken to mask the c Ige of the ply 1 here are exceptions to this, especi- 
ally in modem chair construction, where a high-grade synthetic varnish seems 
adequately to protect the edge of the pi) 

Where a frame is involved it may be rebated to receive pi) Otherwise the 
ply may be mitred, when this job is done carefully it makes a good joint 
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For the thickef ply a tongued joint may be formed for glueing 
Secret fixing is possible by rebating the end of one sheet and then grooving 
the rebate 7 he adjacent sheet is tongued with one shoulder deeper than the 
other so that the sheets will engage closely One sheet can then be screwed 
down to the ground and the next sheet engaged into the groove 
Vanous other jointing techniques arc avail iblc using aluminium trim, 
battens etc 



OTHLR BO kRDS 

Chip Board. This board is available in vanous thicknesses, those in most 
common use being m J in and f m The material consists of small chips of 
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wood glued with a synthetic glue to form a ‘ man-made ’ tihiber. It is avail- 
able in standard sheets 8' v 4', 10' x 4' and 12' x 4'. One manufacturer 
can produce the board continuously in (theoretically) unlimited lengths. 

Whilst it is inexpensive and can take veneers and paint films satisfactorily, 
it has the same disadvantage as natural timber in that it is liable to warp. 
This usually occurs when one side only is sealed with paint, varnish, plastic or 
veneers. This occurs because one side is then exposed to humidity, which 
causes the wood constituent to swell on that side, producing warping. In 
view of this, it is important in such cases to fix the chip board to framing at 
frequent centies and, if possible, to seal the underside of the chip board in a 
similar way to the upper surface to ‘ balance * the board. 

The material will swell if moistened for any length of time; this makes it 
necessary to seal the edges where damp is likely to occur. 

Because of the glue matrix, cutting tools arc made blunt more quickly. 
Nevertheless the material can be worked in very much the same w'ay as natural 
timber, cut, screwed, chiselled, and so on. It is exceptionally good for glued 
joints. A point to notice is that its moisture movement is constant in both 
directions, there being no grain. 

Fibre Building Boards. These are supplied in a gieat variety, being pro- 
duced by a feifing process from wood or vegetable fibre. They may be either 
homogenous or laminated with bituminous or other adhcsi\c^ + 
llardhoards. These are homogenous fibre building boards compressed to 
medium oi high density. 1 

Standard liardboaids have a density exceeding 50 lb per cu. ft. 

Super hardboaids have additional treatment to increase strength and 
water iesistance 

Medium haidboards (semi-haidboatds) have a density of 30 to 50 lb 
per cu, ft. 

Surface finishes available aie of very wide variety, e.g. enamelled, 
plastic faced, veneered, embossed, moulded and perforated. 

Softboards. These are made fiom the same raw' materials but are much 
less dense. 

Insulating board has a density of not more than 25 lb pci cu. ft, and 
has a U value of less than 0 45 B.Th.U/s at half an inch. 

Acoustic boards are even less dense and often have perforations or 
grooves to inciease sound absorption. 

Wall boards have a density up to 30 lb. per cu. ft and nominal thick- 
nesses from -ft in. to 2 in. and may be either homogenous or laminated. 



OTHER BOARDS 


201 





202 


JOINERY 


Uses. Standard hardboard can be used for backs of fumifure and fitments, 
inexpensive doors, facings, bench tops for light industry, temporary shuttering 
display work, etc. The normal thickness available is i in., although it is 
possible to get up to J in. it is not advisable to use it for partitioning in high- 
class work unless it is practically continuously glued to a stable backing. (If 
it is fixed to framing in this application it has a tendency to show the framing 
in certain conditions of light.) Super hardboards are more stable, and certain 
varieties have been used with success as loose-laid flooring in large sheets m 
Germany. They arc more resistant to moisture, but should not be used 
externally except on temporary buildings (t.g. caravans), when they must 
be covered with a reliable paint system. They are more suitable than standard 
hardboards for concrete shuttering; one or two brands are available in 
several colours, although usually the normal shade is darker than standard 
hardboaid. Sizes range from 4 It to 6 ft 6 in. wide, and lengths from 4 ft up 
to 18 ft. 

Medium headboards aie noimally \ in. thick, though some are available 
up to i in. They ate therefore stiller and are better for panelling applications. 
The texture makes them suitable for pin-up boards in schools, but they are 
not quite so good in this application as cork which is, however, much more 
expensive. Other applications include underlays to floorings, display relief 
cai ving and ceilings. (They are used as roof linings in London JJnderground 
trains.) 

Ouimclled hardboanh are produced in a wide rangb of colours, types and 
grades, and can be used for wall and ceiling linings so long as they are fixed 
pioperly, both from the point of view of fixing centres and preventing ingress 
of moisture to joints. It is a useful finishing material provided too much is 
not expected of it; tor instance, it will stand up to use as a draining boaid 
for about two years. Cupbouid lining and shelving would seem to be 
appropriate uses. 

Plastic laminates arc often fixed by manufacturers to hardboard (J in. 
standard). One new variety of wall board so fixed has been used for railway 
carriage toilet wall-lining satisfactorily. The material has the advantage 
that it has a more stable surface. 

Moulded and embossed hardboards have a pattern impressed into their 
surface during manufacture, e,g. reeded, fluted, grooved, etc., and have been 
used for counter fronts, pe^ets, etc. These moulded boards do not show up 
the pattern of the fixing framew'ork so much as smooth finished boards, 
which is a definite advantage. 

It is bad to use any material which pretends to be another one; for 
example, an enamelled hardboard which is manufactured to look like tiling 
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for doors from stock; others of course can be made to any required size or 
shape, and they are available with glazed panels 18 in., 24 in. and 36 in. deep. 

For interior doors moisture-resistant adhesives must be used for the 
manufacture of the plywood. For external doors a water-insoluble adhesive 
should be used, for both faces of the door. The plywood should be \ in. 
thick for external doors and , :j 6 in. thick for internal ones. Alternatively, 
hardboard facings may be used.* 

These must not project beyond the top and bottom rails and should be 
(lush with the lipping; this lipping must he tongued and glued to both stiles 
and must be not less than in. wide at an^ point. Metal fastenings for this 
lipping should not be used. 

The British Standard flush door has a skeleton core consisting of rails 
stub-tenoned into the stiles, as before. These rails should be at 6 in. centres 
or closer, otherwise the pattern of this core will be seen reflected on the 
surface in certain conditions of light. 

A better quality of door is the semi-solid one (see Advanced Building 
Construction) and the higher standard is made with a laminated board 
coi c (sec p. 195). 


DOOR 1 RAMES 

Perhaps the simplest and neatest form of door fiamc is that illustrated in 
British Standard 1567. For a 3 in. partition with a £ in. plaster finish on 
each side the frame is a total of 4j in. wide by a total ol 1? in. ihick. The 
back is grooved out to a depth of \ in. to within in. of the edges. This 
leaves two mbs /;/' > {" behind which the plaster suifece can be finished. 
This fulfils the same function as the architra\e and masks the crack the 
plaster would otherwise make as it slightlv shiinks back on setting (sec 
drawing on p 209). 

If, instead of making the frame out of 1] in. mateiial it is made of 2[ in. 
material, a stop may be formed by moulding out the remaining width to 
leave standing a V 1 

Assembly. I Tames should be supplied assembled (except foi garage doer 
frames). Heads, jambs and sills should be scribed and mortice and tenoned 
with through tenons. Morns should be provided projecting at least li in. 
beyond the backs of the frames. These horns (continuations ot the head) 
assist in the building in of the fiamc, and arc cut back on the face and masked 
with brickwork. 

Alternativel) the joint may be a combed joint which must be dowelled; 

* Hardboaid to British Standard 1142. 
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in this case horns cannot be provided. Sills must be made in one piece; if 
there are no sills then the feet of the jambs must be dowelled with rust- 
pi oof dowels for fixing to the floor. It is as well to provide a D.P.C. of felt 
or, better still, thiokol mastic, to prevent moisture being absorbed into the 
end grain at the feet of the jambs. 

Linings. These arc suitable for door openings in partitions 3 in. (plus 
plaster) and over; their thickness should be not less than 1 in. finished. Fur 
a 3 in. partition with two jj in. plastered surfaces a frame 4\ in. wide is suit- 
able; this means that it will project \ in. beyond the plaster face on each 
side. It is then usual to mask the plaster shrinkage crack (mentioned above) 
with a neat moulding. Other standard sizes of linings are 5J in. and 5| in., 
depending upon the total thickness of the partition. 

Linings are used traditionally the same thickness as the total thickness of 
the wall. Here the architrave masks the plaster joint; the back of the archi- 
trave should be a little thicker than the thickness of the skirting, otherwise 
the skirting presents end grain to view and a plinth block has tp be provided. 
Skirtings are available ex stock in various standard sections, common ones 
being 4" ,< with one tumbled (rounded) edge, 6* x V fete. Instead of a 
tumbled edge various mouldings can be formed on the skirting. 

Fixing. Frames and linings may be fitted to timber pallets or wedges 
between the courses of the blockwork or brickwork. Care must be taken 
not to drive these in too hard, otherwise the blockwork may be displaced, 
as considerable force can be exerted in this way. Alternatively, linings may 
be fixed to timber grounds plugged to the brickwork. 

WINDOWS 

Double hung windows with cased and solid frames are not used now so 
much as they used to be, but probably they are still used enough to justify 
their inclusion in this book. British St adard 6442, 1946, shows a simple 
form. The outer lining is made an inc.i larger than the inside lining; a 
removable window bead retains the inner sash. If both linings were the same 
si/e then it would be impossible to remove the windows in case of broken 
sash-cords, etc. (see p. 212). 

Spring-balance Type. This is similar in many ways, but sashes are grooved 
to suit the tubular spring sash balances. 

Standard Wood Casement. These side-i ung windows, often coupled with 
top-hung opening out vents, have been developed by the English Joinery 
Manufacturers Association for approved firms to supply from stock. These 
windows are highly competitive in price. Both opening and fixed members 



* f t> plaittP 









WINDOWS 


213 




JOINLRY 


’B C boot I ntolt i "» 








WINDOWS 


215 


are rebated so that a double draught check is provided (see drawing on 
p. 214). Notice that a paint groove is provided in the internal angle of the 
fixed frames. This is done to avoid a build-up of paint at this point in the 
course of time with successive repaintings which would make the window 
difficult to shut properly. Half-round anticapillarity grooves are also pro- 
vided on edges of opening members and in the reveals of the frame. The 
idea of this is to prevent moisture being drawn in by capillary attraction, 
though the windows would have to be extremely well-fitting before this 
could occur. 

Windows should be delivered primed the manufacturer. It is important 
to specify a high-quality primer. Often this coat becomes chalky before the 
undercoat and other coats are applied, the vital point being that the life of a 
paint system depends upon the first coat. The frames should be stored 
under cover upright before fixing. It is not a good thing to build window 
frames in as the walling proceeds as it tends to distort the frames. It is 
better to put the windows in as a ‘ second fixing \ They can then be screwed 
or otherwise fixed to plugs in the walling. 

Wood window's should always be fixed to the dry leaf of cavity walling or 
otherwise be protected by a vertical damp proof course. (There should 
always be a vertical D.P.C. between the wet and the dry leaf in a cavity wall, 
see p. 213). The gap between the woodwork and the brickwork can then be 
filled with a suitable mastic, the best type being thiokol mastic.* 

Rebates for gla/ing should be at least 3 in. deep. The glass is usually 
put in with putty formed to a triangular bead with a putty knife. For a 
higher class of work, weathered timber heads scribed or mitred at the corners 
can he pinned in with brass pins or screwed with brass screws The glass in 
this case usually has putty k back and front ’ to allow' for even support. 

The sill must be weathered at a sufficient slope to throw off the water and 
throated w'ith a groove near the front on its underside so that the water will 
drip off and not run back to the bed of the sill. Sills arc usually bedded in 
mastic and may have a water bar to act as an additional check to the pcnc- 
tiation of moisture at this point, and to locate the sill hoi frontally. The 
water bar should have a metal flashing as showm on the drawing on p. 212 . 

The throating or drip must be able to shed water without obstruction on to 
a well-sloped tile, stone or metal sill beneath. Alternatively, it may shed the 
water clear of the w'ali by the fact that the frame ma\ be close to the outer 
surface of the wall. 

Sills are very subject to defects caused by dampness. Either the weathering 


See Building Research Station Digest , No. 105. 
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is not sufficiently steep to shed the water, or water can get back to the bed 
of the sill because the drip does not function, or because the slope of the tile 
or stone sill allows the water to run back instead of outwards. These are 
points to watch carefully. 

The head is not so troublesome usually, but the D.P.C. in a cavity above 
must catch water running down the inside surface of the outside skin and 
conduct it properly to the outside of the head (see drawing on p. 212). 

Standard Double Casement Windows. For this type of window, the fixed 
frame has a much deeper rebate. There are two lights in each opening 
instead of one, the inner one being hinged to the outer one and secured by a 
self-locking catch. The inner window can then be opened independently 
of the outer one so that all the glass surfaces can be cleaned from the inside 
oi the building. These windows are a standard product and provide good 
sound and heat insulation. 

Standard C asement Windows with Double Glazing Units. In this case, the 
rebates arc slightly deeper than with the single-gla/cd type to receive double- 
glazed units provided by the glass manufacturer. The two sheets of glass are 
i in. apart, usually in metal channels and hermetically sealed so that moisture 
cannot cause condensation within the unit. (Condensation is the main 
difficulty to overcome in double glazing.) Double-glazed units have to be 
manufactured to the size required and they arc supplied and fixed in an 
approved mastic. 

This technique is more expensive than with the double casement system, 
but has the advantage that much bigger lights can be provided. 

Standard Pivot Windows. Sections arc designed in a similar way to sections 
for the other standard types; (EJM \) metal pivots are provided in the middle 
oi the jambs. The window can be opened through about 170 enabling the 
outside of the window to be cleaned fi om the inside. This is a great advantage 
in tall buildings, both from the point of view of cleaning and reglazing. 

Other proprietary pivot windows are available, some being double glazed 
and fully reversible. 

Casement Window. On p. 216 is illustrated a straightforward form of 
casement window suitable for production in small joiners’ shops; notice 
the weathering, the anticapillarity grooves, the proper use of the water 
bar, and the small aluminium or lead flashing. A boot lintel is shown 
recessed slightly from the face of the brickwork, this looks very trim and 
precise and expresses the concrete satisfactorily. 

holding windows may be made in a similar w r ay to this without the fixed 
mullion, the meeting stiles being rebated. 
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Pitched Roof Coverings 

Roof Preparation 

The roof has several functions, some obvious and some not so obvious: 

1. Watertight 

2. Windtight 

3. Heat insulating 

4. Deadening to the noise of beating lain 

5. Condensation-proof 

The roof must fulfil all these functions properly. Oveilook any of these 
points at your peril. 

Pitched Roofs. It is the custom to considei any roof below 10° pitch to 
be a flat roof. Between 10 ' and 22 V 1 only sheet weatherpi oofings are suitable, 
e.g. roofing metals, asbestos cement, bituminous felt, etc. 

At 22i° the largest (and therefore the most expensive) slate ean be used, 
24" x 12" and over, the best grade of cedarwood shingles and Redland 
interlocking slates. 

At 3(V interlocking tiles with adequate head and side locks can be used as 
can the smaller slates (9 in. and 10 in. wide). 

At 35° single lap tiles and slates 8 in. wide can be used. 

At 40° plain tiles and slates 7 in. wide can be used 

Underfelting is essential, except in the case of cedar shingles where under- 
roof ventilation, to prevent rot, is important. 

Angle of Creep. Water running down, say, a slate roof will enter the joints 
between the slates in each course. It will then drop on the slate immediately 
underneath and fan out as it runs down. The angle of this fanning is known 
by some as the ‘ angle of creep *.* This is why there must be at least two 
thicknesses of slate on a roof, and why it is important that the nail holes are 
placed in such a way as to avoid the angle of creep from each joint in the 
slate above. This also explains why the width of a slate is a vital factor in a 
shallow pitched roof, as the shallower the pitch the wider the angle of creep. 

With interlocking and single-lap tiles the side lock and head lock eliminate 
penetration of water at any particular joint. Variable lap tiles which do not 

* See Slating and Tiling , issued by Messrs. Langley London Ltd. 
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have a head lock' operate in much the same way. except that the head lap 
must not be reduced below 3 in. 

Leakage may be caused by the following: 

1. Water may be drawn up by capillary attraction or blown by the wind 
over the heads of the slates or tiles; alternatively, it may find its way 
through nail holes. 

2. Water may get through side joints between adjacent slates or tilea and 
creep sideways and downwards to find nail holes; hence the importance 
of not having too shallow a pilch, and having slates (pai ticularly) of 
sufficient width. 

3. Water may penetrate the slates or tiles directly if they are too porous; 
this is less likely to occur on a steeply pitched roof. 

4. Water may penetrate (and often docs unless care is taken) at joints 
with chimneys, at verges, abutments. lidges, valleys, etc. 

Even if the slating or tiling is waterpioof it is important that they aic fixed 
properly so that wind cannot blow the slates or tiles off 

Interlocking Slates. This is a veiy simple form of io«f which has been 
introduced fairly recently (see drawing on p. 224). It is interesting because 
it is satisfactory down to a minimum roof pitch of 22] ; it appears to be a 
reconstructed stone product and is usually guauntccd against lamination or 
decay for fifty vears. It is veiy suitable foi 1 .D.A. trusses (see p. 157). 

The slates have both head lock and side lock and measure 15" wide \ 17" 
long: 11" v Y battens are lecommended laid at a gauge (the distance 
apart they aic laid up the roof) of 14 in.: these are nailed with gahanised 
nails to the rafter which should be spaced at IS in. centres. The slates are 
laid bioken bond (the joints between slates in one corn sc abosc the centre of 
the slate in the coui scs below ). They aic heavy enough not to lequire nailing; 
they weigh 9] cwt per square (i.c. 100 sq. ft). 

A very neat angle lidge tile cast to sh«.pe is a \ ailable. The \ergcs must be 
provided with an undercloak of slates o ' asbestos cement sheet to avoid the 
water running back under Abutments should have a lead, copper or Nura- 
lite secret gutter (see di awing on p. 224). The outermost slate has a lay 
batten to support the nib adjacent to the side lock. 

This is about the simplest possible form of non sheet roof. 

Natural Slates. Natural slate is obtainable from Wales, Westmorland and 
Cornwall. As a roofing material it is more expensive than inter-locking 
slates or tiles, but apart from interlocking slates just dealt with, they are one 
of the few small-scale roofing materials which can be laid to a shallow pitch 
(dewn to 22£°). 
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Sl<<te 

Dimension* 

1 Number to 

J cover a equate, 

1 3 m lap 

| 1,200 slates, 

first quality. 

' Weight in cv^t 
, approximately 

Smalls 

12" X 6" 

534 

, 14 

Doubles . 

13" < 7" 

413 

! 18 

Ladies (large) . 

16" a 8" 

278 

25 

Countesses 

20" x 10" 

170 

i 40 

Duchesses 

24" 12" 

115 

60 

Princesses 

24" x 14" 

99 

70 

Empresses 

26" y 16" 

79 

95 


Laigei sizes are available, namely Imperials, Rags and Queens, bu! there 
is h'ttlc call lor them. 

The width of the slate is usually half the length, the following pitches are 
suitable: 


Width r Shite Minimum Rafter Pitch 


6 in. 

45° 

7 in. 

40“ 

8 in. 

35- 

and 10 in. 

30“ 

and 14 in. 

25' 


12 in. and 14 in. slates may be used to 22 \ 
the exposure is not too severe. 


if 


Fixing. Slates may be nailed near the centie or at the head; for the 
larger sizes of slate centre nailing is the best so as to avoid damage by the 
wind lifting the slater 


Gauge for Head Nailing. Gauge 


1 cngth of Slate 

i 


1 ap 


which for 


example in Duchess slates would be 
24" 1" - 3" 

2 ~ 


20 

2 


-- 10 ". 


The battens arc therefore fixed 10" apart at the roof. 

, Length of Slate - Lap , . , _ 

Gauge for Centre Nailing. Gauge ° ^ 1 which for 

24" - 3" 

Duchess slates would be „ 10£ 

2 


Lap. The lap v aries according to the material and the degree of exposure ; 
for example, 2} in. for slates and from 2} in. to 3 in. for plain tiles. It is the 


I BC. 


Q 
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distance by which one slate or tile overlaps the head of the slate or tile below 
but one. 

Margin, This is the amount of slate or tile exposed (measured up the 
slope). 

Ridge. The ridge board usually projects 2 in. above the top of the battens 
or boarding; at the top of the slope against this, a tilting fillet standing | in. 
above the boarding or the top of the battens is fixed to receive the head of the 
top course of slates. This tilting fillet keeps the top course of slates the same 
actual pitch as all the rest. 

Eaves. A similar tilting fillet is necessary at the eaves in the place of the 
last batten, the only difference being that it must be triangular (see p. 226), 
so that a lead or other metal flashing can be laid. 

Doubling Eaves Course. This is a course that starts the roof at the caves, 
and its length is the gauge plus lap plus 1 in. It is nailed at the head. In 
Countess slates this would be 8" 3" f 1" --- 12 ; and the nail hole would 

be 1 1 in. from the tail. # 

Verges. This is where the slate or tile roof finishes on a gable wall. It is 
usual to bed the slates or tiles in cement mortar on the underside; an addi- 
tional under slate is embedded first upon the wall to protect the wall immedi- 
ately under the verge. The verge should overhang the wall by at least 2 in.; 
it should be arranged that the slates or tiles tilt inwards slightly towards the 
main roof. 1 he pointing must be thoroughly done so that there is no ten- 
dency for high winds to strip the verges. 

Abutments. Abutments can be dealt with satisfactorily in two ways; 

(a) With a lead flashing (see p. 241), or 

(h) With a secret gutter (sec p. 241 ). 

A cement fillet in lieu of this is not satisfactory. 

Valleys. The valleys are fonned with a 9 in. wide valley board running 
down the internal angle, the battens on either side being stopped against it. 
In the best practice, the bituminous felt covering to the boarding (or the 
untearable under slating) is run underneath this board. The valley may be 
formed by running ‘ skews * and * bottoms ’ alternately up the valley (see 
drawing on p. 230). 

Hips. The neatest form is probably the mitred hip, but it cannot be used 
on pitches shallower than 40° or 45°. A lead or aluminium soaker has to be 
placed under each course, as shown on p. 243. The slates are then cut to 
fit. Alternatively they may be formed (for shallower pitches) with wood 
rolls and a lead flashing (see drawing on p. 241). 
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TILING 

Plain Tiling. The tile size is usually 10J" x and may vary from f in. to 
i in. in thickness. Two small nibs are usually moulded on the head to hook 
on to the batten. Special tiles or tilcs-and-a-half arc made 9| in. wide for 
verges. Various other tiles are made for special application, such as bonnets 
for hips, half round tiles for ridges and hips, and short tiles for under caves, 
6J in. or 7 in. long; ridge tiles 9 in. long. 

Tiles are usually laid to a gauge of 4 in., which gives a 2\ in. lap (see above). 

The minimum pitch is regarded as 40°, and they should be nailed at this 
pitch every fifth course, and the steeper the pitch the more frequently they 
should be nailed, so that at over 60° each course should be nailed. 

Whereas slates weigh about 1 cwt per square, tiles weigh about 12 cwt 
per square, i.c. about 22 cwt per thousand. This must be taken into account 
when constructing the carcase of the roof. Tiles have a slight camber which 
resists capillary 1 attraction under them. . 

At verges the tiles are first bedded on the walls side by side, not lapping, 
to give a flat surface: the general procedure is then as for slating. 

Valleys may be laid with purpose-made valley tiles, swept valleys or laced 
valleys. Two of these forms are illustrated on p. 229. 

Standard Interlocking Tiles. These have side lock, but no head lock, and 
can therefore be laid to different gauges, i.e. 12 in. gauge minimum pitch 35°, 
1 1 in. gauge minimum pitch 30°. The usual size for each tile is 15* x 9*, and 
they are usually laid on i" v 1 battens. The weight per square is approxi- 
mately 8 cwt and they may be obtained in several colours and textures. 

Roman Pattern Interlocking Tiles. These are wider, being 16J" x 13". 
Once again they have side lock but no head lock, and can be laid at different 
gauges, but the recommended one is 13 J in. when the pitch should be 30° 
and not less. The weight per square is also about 8 cwt. 

Both these interlocking tile roofs are economical; they should be nailed 
each tile in tw f o places (holes are provided), special troughs arc made for 
valleys, a dentil slip is specially made for filling in the gaps between the rolls 
at the ridge under the half-round ridge tile. Plain tiles are used as a doubling 
course at the caves; a sprocket should be placed at the foot of the rafters to 
maintain the actual pitch of the eaves tile. 

ROOF SUB-STRUCTURE 

The ideal form of preparation of a roof to receive slates or tiles is to board 
the roof with j in. boarding. It is best to lay this boarding diagonally; this 
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should be creosoted or otherwise rot-proofed. On top of this felt is laid 
across the roof starting at the eaves, giving a lap of 2 in. or 3 in. on each 
horizontal joint. This felt should always be present in a roof. In a roof 
without boarding, it should be laid immediately on top of the rafters. It 
should be of the untearable variety (with a stout hessian base). 

Over the felt lay counter-battens immediately above each joist. Across 
these go battens at the coriect gauge. The object of the counter-battens is 
so that the battens do not trap any moisture from condensation or carried in 
by the wind. The U value of a roof of this construction would be approxi- 
mately 0 35 (without a ceiling). 

Insulation can be improved if, instead of boarding, wood-wool com- 
pressed strawboard is used. The counter-battens would still be necessary. 
Alternatively, insulation can be improved considerably by applying insulation 
board to the underside of the l afters. 

If the counter-battens are left out, the battens are liable to deteriorate b) 
the moisture that they trap running down the roof. If the felt is left out, 
under bad conditions the boarding will become soaked for long periods 
(i.c. in snowy weather) which may set up rot. 

The cheapest method is to lav the battens straight across the rafters, and 
this is frequently done. It is a great improvement to include the felt immedi- 
ate!) above the rafteis. This sags slightly between the rafteK avoiding the 
danger of trapping moislure against each batten. Insulation applied to the 
underside of the rafters would then provide an excellent loof, safe for pipes 
and water tanks within the roof. An alternative position for the insulation 
would be on top of the ceiling joists or between the ceiling joists (loose fill); 
tanks and pipes in the roof space would then have to be complctel) lagged 
against fiost. 
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Flat Roof Coverings 

LEAD 

Roof coverings comprise various materials: (1) lead; (2) copper, O) zinc; 
(4) corrugated steel sheets; (5) asbestos cement sheets: (6) asphalt: (7) glass 
in the form of patent glazing; and (8) slates and tiles. Rainwater shedding 
consists also of making watertight with metal those parts of slated or tiled 
roofs which cannot be made watertight with slates or tiles. For flat roofs, 
gutters. Hashings, etc., lead is an excellent material, and combines lasting 
and waterproof properties. 

Sheet lead, for external woik, is obtainable in two lorms, cast and milled. 

Cast Lead. The lead is melted and run into sand-co\crcd moulds to form 
sheets of the required size, and may be obtained up to 16 ft long and 7 (t 
wide. Cast lead is very duiable under great changes of temperature, but it is 
liable to possess flaws and sand holes, and i* unsuitable for covering steeph 
pitched roof slopes 

Milled Lead. Slugs or thick cakes of lead are cast and then passed between 
i oilers to reduce them to the desired thickness. Sheets may be obtained in 
lengths of 35 ft and widths up to 9 ft. Milled lead is more uniform in thick- 
ness than cast lead, and is freer from the sand holes and flaws. 

Laying Sheet Lead. The boarding to receive sheet lead should be peifectiy 
smooth. All the joints should be traversed bv a plane to take away any 
projecting anises which would, soonei or later, show through the lead, 
especially alter wet weather. There should be no shaip angles, and all 
projections should be rounded off. Ti*e grain of the boarding on flats and 
gutters should be laid in the direction of the current or diage nally in order 
that any corrugation formed by the casting of the boards should not retain 
pools of water. Pitch pine or oak or other resinous timbers should not be 
used directly in contact with lead. A layer of pitch paper or felt is laid on the 
timber first. 

The soles of gutters arc recommended to be formed by narrow boaids 
4 1 in. wide, nailed with the heart side upwards, so that the edges will press 
tightly against the bearers of the boards cast, this is the reverse of boarding 
used for floors, where the heart side tends to become loose under traffic; the 
boards should be well nailed, about 11 in. from each edge. The width of 
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joints, caused by shrinkage, is obviously much less in narrow than in wide 
battens. 

In fixing lead, the sheets should be free to contract or expand, or pieces 
used be of such small dimensions that the contraction or expansion will be 
inappreciable; this is practically satisfied at ordinary temperatuics, when the 
lengths of the pieces do not exceed 7 ft. The joints made between the edges 
of lead must be arranged so that no water can pass through, nor the covering 
be blown up by the wind. If the above conditions are not taken into con- 
sideration the force of expansion and contraction will cause the sheet lead to 
slide down if fixed in inclined positions, or buckle and rise in the centre if it 
be laid on a flat. For steeply pitched roofs it is advisable to use copper, which 
is lighter and less subject to expansion. 

Expansion of Metals. The following table gives the coefficient of expansion 
for the common metals used in construction, or the ratio of increase in 
length due to an increase of 1° F.: 


Cast Iron 
Wrought Iron 
Steel 
Copper 


0 0000061 Lead 

0 0000066 Zinc 

0 0000069 Brass 

0 0000094 G unmelai 


0 000016 
0 0000155 
0 0000105 
0 00001 


The difference in temperature to which metals in roofing are exposed in 
this country between winter and summer is between 90 and*100°F. The 
ind|^se in length in any sheet of the above metals for any change of tempera- 
ture^ir the product of coefficient of expansion x length > difference in 
temperature. Therefore, taking a sheet of lead 7 ft long and a difference of 
temperature of 100° the increase would 


- - 0 000016 x 84 X 100 = 0 134 in. 


This amount on a flat roof, experience has shown to be negligible, but on 
inclinations above 10° the low tensile strength of lead is insufficient to enable 
it to contract to its original length, and it remains permanently stretched. 
This results after a few years in the development of cracks in the sheet. 

Specification of Lead Coverings. The following are the weights of lead 
recommended for the various parts of external coverings: 


Roofs, Hats, and Main Gutters 
Hips, Ridges and Small Gutters 
Aprons and Kashings . 

Soakers .... 
Cisterns, bottom 
„ sides 
Sinks., bottom 
„ sides 
Soil Pipes 


5 lb to 8 lb lead 
5 lb to 7 1b „ 

5 lb lead 

3 lb to 41b ,, 

7 lb to 81b „ 

6 lb to 71b „ 

7 lb to 81b „ 

8 lb to 10 lb „ 

8 lb to 10 lb ,, 
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Lead is usually described and specified by its weight in lb per superficial 
foot. The following table gives the thickness of milled lead in common use. 
The thickness, it may be noticed, is nearly 17/1000ths of an inch for each 
lb in weight per superficial foot: 


Weight in lb 

Thickness in 

! Weight in lb 

Thickness in 

per loot super 

inches 

! per foot super 

inches 

1 

0017 

! 7 

0 118 

2 

0034 

1 8 

0135 

3 

| 0051 . 

, 9 

0152 

4 

i 0 068 

' 10 

; 0169 

5 

i 0085 

11 

' 0 186 

6 

’ 0101 

• 12 

0-203 


i L 


The lengths of pieces of lead geneially used in practice for gutters or flats 
should not be more than 9 ft, and the fall or inclination of the gutters or 
flats should not be less than 1 in. in each 9 ft of length, pover and step 
flashings should not exceed 6 ft, and ridge pieces not moic than 7 ft in length. 
Dormer cheeks, if very large, should be put on in two or more pieces. Larger 
dormer tops should have a roll fixed upon them, but for small dormers the 
lead can expand over the edges. A typical lead flat roof is shown on p. 237. 

Nailing. Copper nails should be used, but nailing should not be resorted 
to unless absolutely necessary. Close nailmg is usually under, and open 
nailing over, 1 \ in. spacing 

Bossing, that is, working the lead to the required form with box-wood 
tools, is preferable to soldering such angles as the returned ends of gutters, 
diips, or cesspools, or any position whcie the perpendicular part does not 
exceed 6 in. in height. Abc'e this it is prefeiablc to solder the angles, to 
economise in cost. Soldering should, however, be used as little as possible. 

Lead Tacks. These ate narrow strips of lead, fiom 2 to 4 in. in width, 
used for fastening the irec edges of flashings, lidge coverings, apron pieces, 
etc. They are termed tingles in the north of England. They are usually 
placed about one in every 4 ft (see pp. 239 and 241 cl 

Laps or Passings arc the distances which pieces of lead lap over the adjoin- 
ing pieces in aprons for gutters, stepped flashings, ridge coverings and other 
situations where it would be unwise to have the lead in one continuous 
length. The usual length of passings is 4 in. for upright and 6 in. for hori- 
zontal and pitched work (sec p. 241 a). 

Raglets. The grooves or chases, usually 1 in. deep cut into stone walls 
to receive the upper edges of the lead flashings. 

Fixings for Flashings. Where fixed to brick walls the joints should be 
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raked to a depth of J in. and the edge of the flashing turned in, and secured 
in it by lead wedges varying from 3 to 9 in. apart. The open joints between 
the wedges should be pointed in cement in brick walls, or with mastic, or be 
run with lead if in stone walls. 

Cover Flashings. The name given to the lead coverings fixed over the 
turned-up parts of lead gutters or flats; they are usually about 6 in. wide, 
the object being to keep water from passing between the turned-up lead and 
the wall, and to allow the covered sheet freedom to contract or expand (see 
pp. 237 and 239 a). 

Apron Flashing. The name applied to the lower horizontal flashing of a 
chimney shaft, skylight, dormer, or wall penetrating a roof, as shown on 
p. 243 c. 

Tilting Fillets. These are pieces of wood, triangular in section and are 
used where inclined surfaces abut against walls in order to lilt the slates, 
and so convey the water away from the walls. Wood fillets are also fixed 
under the eaves courses of slates, so that they may lie dose, and thus prevent 
the wind getting under them, as shown on p. 226. Two 2 r * IT tilting 
fillets would be cut from a 2" 3" length. 

Cement Fillets. To save the expense of lead flashings, fillets composed of 
equal portions of Portland cement and sand arc run along the junction of 
lean-to roofs w'ith walls, but the cement sometimes shrinks or breaks away, 
resulting in an open joint, thus failing to answer the purpose for which it is 
intended. Zinc soakers, together with cement fillets, aie more effectual and 
are extensively used in cheap 'wildings, but are not nearly so durable as lead 
soakers and flashings. 


JOINTS 

The joints most extensively used for lead coverings for external work may 
he classified as follows: 

Joints Across the Flow or Current. Lap and drip joints. 

Joints Parallel with the Flow. Rolls, hollow' rolls, and seams or welts. 

Lap Joints. These are horizontal joints on inclined surfaces of pitched 
roofs covered with lead. The boarding should be placed at right angles to 
the slope. The sheets of *ead should be placed between the rolls, the upper 
ends being close copper nailed, so that the sheets are secured along the top 
edge. This resists the tendency to crawl down the slope of the roof, and is 
better than nailing to the face of the boarding. The lower edge being secured 
by copper clips. If the covering is on a vertical surface, a 4-in. lap would be 
sufficient; but if the surface has an inclination of not less than 45°, a 6-in 
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lap is necessary. If the inclination is between 45° and 15°) a horizontal welt 
should be used with copper clips at intervals (see p. 239 c). When the 
inclination is less than 15°, a drip would have to be formed (see 
p. 237 b). 

Lead Drips. Large flat roofs and very long gutters are constructed of a 
number of plane surfaces slightly inclined and raised a short distance one 
above the other, forming when finished a number of low steps called drips, 
which should not be at a greater distance than 7 ft apart. Drips should be 
made for preference 3 in. in depth, to resist he power of capillary attraction. 
The usual height is 2 in. (see p. 239 a); when less, a groove should be formed, 
as shown in b, to resist that force, although it is difficult to dress the lead in 
the confined space at abutments. For economical reasons, drips in gutters 
are often made less than 2 in. deep, but this results in water being drawn 
between the laps of the lead and leads to the rotting of the woodwork. 

Lead Rolls. On flats, or at the ridge or junction of the two opposite 
slopes of a gutter or roof, wooden rolls 1 \ in. or 2 in. diameter and upwards 
are fixed at the joint either by screwing through the roll or by using a double 
headed nail. Sheet lead is dressed round the roll, and well into the angles, 
to obtain a fura grip. The lower sheet or undcrcloak is dressed to half the 
height of the roll, and tapered off with a rasp to an edge; the sheet is nailed 
along the edge, the upper sheet or ovcrcloak is dressed ovet the roll and 
extends a distance of H in. on the flat (see p. 239 f). Details e and f show 
the finish of the roll at the drip. This 1 |-in. extension on the flat is sometimes 
omitted, however, as under certain conditions such us a layer of snow upon 
the roof, it is possible for water to be drawn under this extension and round 
the roll under the overcloak by capillary attraction. The overcloak in this 
case would be dressed over about three-quarters of the roll. The clip at f is 
sometimes attached to the ovcrcloak and turned under the undcrcloak. 

Hollow Rolls. The method of forming rolls without a wooden core has 
been very extensively used on steep-pi Lchcd roofs on large buildings, such as 
cathedrals and abbeys, and was the common practice in the mediaeval ages. 

To make a hollow ioll, copper or lead tacks about 6 in. long and 2 in. 
wide are secured by two screws each to the boarding, about 2 ft apart; the 
edges of the lead bay are turned up, as shown in section, p. 239 d, and are 
then ready to be folded over. The folded edges are then dressed to enclose a 
hollow, as in the completed roll. Although this is a good method of forming 
rolls, it is not suitable for positions where any traffic is likely. 

Nosings. At the boundaries of flats adjoining vertical surfaces, or at the 
intersection of two differently inclined surfaces, as at the curb of a mansard 
roof, the lead covering may be terminated as a nosing (see p. 245 a and b) 
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and yet allow them to shrink or expand freely; c shows 'a Hashing of 7-lb 
lead at the curb of a mansard roof, the lower half laid on the slates, the 
upper portion dressed over a tilting fillet and carried 6 in. up the upper slope. 
Page 245 a shows a rounded wood nosing nailed over the lower sheet. The 
edges of the horizontal lead work are then dressed round the nosing. The 
lower edge of the (lashing is secured at intervals by means of lead tacks, as 
shown. These are better than soldered dots, and allow the flashing to expand 
and contract. 

Page 245 b shows a flashing secured b) copper nails, instead of being 
covered by a wood nosing, and flat welted nosing for preventing the wind 
getting under the ends of the lead bays. 

Welts or Scams. The joints for sheet lead when running with the current 
on vertical surfaces may be the flat welts or seams. These arc made by 
fixing lead or copper tacks about 2 ft apart at the junction of the lead sheets; 
the edges of the bays arc bent up and turned over together, and then dressed 
flat, as shown on p. 239 c. For flat pitched, or horizontal surfaces, seams are 
not so good as 'tolls. 


FLASHINGS, ITC. 

Ridge Coverings. 6-lb lc.id is usually adopted loi ridge coverings; the 
lengths of the pieces should not exceed 7 it. 

The lead should be dressed o\er a wood ridge roll, which should not be 
less than 2 in. m diameter, the lead lacks being secured to the ridge piece 
before the ridge roll is lived. The lead w ings should be dressed close to the 
bottom of the roll, and extend b in. down the slope on either side of the ridge, 
the free edges being secured by lead tacks (sec p. 241 a). 

Lap joints are formed at the junctions of the ridge pieces. This has been 
objected to on the grounds that water is liable to be draw'n between the 
sheets by capillarity or driven in by the wind, or drain in, if the ridge is not 
perfectly level. These objections may be obviated b\ forming a water groove 
in the lap, the under piece of lead being dressed into the groove. Any water 
getting between the laps on the sloping sides would fall on the slates and 
drain away. 

Hips. These may be made watertight in two ways. First by dressing a 
piece of lead, of the required width and not longer than 7 ft, over a roll, and 
letting the sides lie 6 in. on the slates similar to a ridge. To picvcnt the lead 
sliding down the hip, the lowest piece of roll is fixed, the first piece of lead is 
laid on with its upper end extending 6 inches beyond the upper end of the 
roll; the lead is then bossed down. The next length of roll is then fixed in 
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position, and the lead put on with its lowest extremity resting on the upper 
end of the first piece of lead. The bottom end of the second piece of lead 
thus laps over the first piece 6 in. Lead tacks should be fixed about 3 ft to 
3 ft 6 in. apart, and the lower piece of the lead to be fixed should be clipped 
over the upper at each lap joint. Secondly, the hip may be formed by 
soakers. In this case the slates are mitred at the hip. This method should 
not be employed on pitches under 45° (see p. 243 b). A sketch of a hip 
soaker is also shown. 

Valley Gutters. In valleys, the coverings, may be arranged to form gutters, 
small fillets being fixed on the slopes of the roofs to tilt the slates. 

Stepped Flashings. The joints between sloping roof surfaces and end 
walls built of brickwork or stone rubble are best protected by means of 
pieces of sheet lead, called stepped flashings, 6 in. lying on the roof and 6 in. 
against the wall. The upper edges are turned 1 in. into the raglets or joints 
of the brickwork prepared to receive them, and are fixed as described in the 
paragraph on flashings. Page 244 a refers to this kind of flashing. To set 
out stepped flashings, first roll out the piece of lead, which should be 12 in. 
wide, then fold it lengthwajs in the centre, like the letter I.. Draw a line 
21 in. distant from the angle, on the stand-up side. This line is usually 
called the k water-line '. The piece of lead should then be laid in position on 
the roof, and the hoi i/ontal joints in the brickwork transferred to the lead 
between the lop edge and the water-line. Next draw lines fiom the points 
where the hoi i/on* al fines cut the water-line to the point where the horizontal 
line immediately abo\e cuts the outer edge of the piece of lead. Draw’ other 
lines 1 in. distant, paiallel with and abmc the horizontal lines. The small 
triangular pieces of lead abo\e these last lines are cut out with a knife. The 
pieces between the parallel lines are folded and wedged into the raked-out 
joints ol* the Nick work. 

Raking Hashing. The name given when the turned-up edge of a flashing 
is secured to a chase or raglet, cui parallel to the slope of a loot. This method 
is adopted for stone walL adjoining sloping roofs. 

Lead Flashings for Chimney Stacks. Page 244 shows the method of pre- 
venting any leakage through the joints on the four -.ides of a chimney stack. 
The slating is fixed up to the lower edge of the stack. 1 he lead apron flashing 
is then fixed ( y:c p. 244 c) by lead wedges into the brickwoik. The slating is 
then carried up the side", of the stack. After this, the stepped Hashing is 
fixed, D, the lead extending 6 in. over the slates; it is prevented from spread- 
ing by lead tacks. The back gutter is then fixed, lapping over the side flash- 
ings, e. The lead is sometimes dressed into the angle between the stack and 
the slope, but it is better to fix a block in this angle slightly sloped from the 
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centre outwards. The gutter usually has a cover flashing, f. * P. 244 c, d and e 
show the apron, stepped flashing and gutter piece before being fixed. At e, 
a straight fillet is more often used than a tapering fillet. 

Secret Gutters. When flashings are fixed beneath instead of lying on the 
slates, secret gutters are constructed, as shown on p. 241 b, d and e. 

These secret gutters derive their name from their being hidden from view 
by the slates. In some situations the slates are carried over the secret gutter 
so as nearly to touch the wall. This protects the lead from the sun, but the 
arrangement is bad in any position where leaves of trees or any rubbish might 
drift into and choke the gutter. To obviate this, the gutter is constructed as 
shown in d, where the tilting piece forms the depth of the trough, and the 
edge of the lead under the slates is bent to form a small hollow welt to guide 
away any water that might pass over the fillet ; n shows the boarding cut short 
on the rafters to give depth to the gutter, and a hollow welt is turned on the 
edge of the lead for the purpose given above. 

Soakers. The intersections of sloping roof surfaces with end gables or 
penetrating walls arc sometimes made weathertight by pieces of lead termed 
soakers, fixed parallel to the walls, and resting on the slopes of roofs about 
4 in. They are turned up against the walls from 2 to 3 in., and a cover stepped 
ot raking flashing is fixed over the turned-up edges. The soakers should be 
the length of the slates minus the margin, and plus an inch fi>£ clipping over 
the heads of the slates. Page 243 c shows a soaker tut for Countess slates; 
and also an isometric detail of soakers, fixed with stepped cover flashings 
over them to prevent the water leaking between the soakers and the wall. 
Soakers are normally 4 in. wide and often half the width of the slate. This 
does not apply where a slate and a half slate is used. This is better than 
ordinary stepped flashings, as the wind cannot blow the rain between the roof 
and wall, and neither can the wind get under the edges as when ordinary 
stepped flashings aic used. 

In some cases each soaker turns up 6 in. against the wall and steps are 
cut and the edges tucked into a raglet, as in ordinary stepped flashing. This 
is a good plan, but takes a longer time to execute. 

GUTTERS 

Rain water that falls upon roofs naturally runs to the lowest part, and 
provision must be made to carry the water away. This is done by means of 
gutters fixed at the eaves or behind parapets. 

These are the troughs or ducts provided at the lower edge of the slopes 
of all pitched or flat roofs, to convey the rain water to convenient points 
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where it is disdufrged into rain-water pipes, through which it is directed into 
the drains. It is essential that the pipes and gutters should have an ample 
area to meet the needs in the case of sudden storms. The maximum distance 
between the pipes should be from 30 ft to 40 ft. The usual rule for the 
minimum area of the pipes is to allow 1 in. in area for every 75 to 100 ft 
super of roof drained, measured on plan. 

The roofs may have either eaves or parapet gutters at the foot of the 
slope, the former may be of cast iron, asbestos, aluminium, etc. 

Parapet Gutters. When the gutters are formed behind parapets as 
p. 248 a and b, at the bottom of pitched roofs, owing to the fall 
that must be given, the gutter becomes tapering in plan. 1 he exact form of 
the gutter depends on the position of the down pipes, this again on the 
elevation and the position of drains, a and b show two plans for a tapering 
gutter, one with the down pipes at the end of the building and one in the 
centre; the principle is the same in both. Ihe lengths of gutter are made 
as nearly as possible a multiple of 7 ft, with not more than two lengths if 
possible in any slope; if more than two lengths arc employed the gutter 
becomes very wide at its highest end. The minimum size of the cesspool is 
9* X 9" y 6" deep, c shows the form of the cesspool before insertion, being 
6 inches deep; the angles oie soldered, d show's a section of the cesspool 
w'ith the bottom dished for the down pipe, l shows a cesspool formed to 
run through the wall; the outer end is diessed ovei a cast-iron rainwater 
head into which it discharges, r shows the formation of a drip with detail 
ol turn-up against wall, and the arrangement of the cover flashings, and G 
show’s the \icw looking at the slope and illustrates the method of dressing 
over the tilting fillet and also the method of mureing the tilting fillet to bring 
it low'er down on the slope, h is a diagram show mg the method of obtaining 
the width of the gutter at the various Ic\eK; to these widths must be added 
(>-in. tum-up against the wall and 9 in. up the slope. 

Parapet parallel gutteis usually occu wTlh flat roofs. The gutter is made 
a minimum of 2 in. deep at its highest c ad; in other respects, wth regard to 
fall and drip, it is similar to the tapering gutter. The turn-up and covei 
flashings against the wall is as shown on p. 248 i, and the tum-up which is 
fixed in a rebate on the roof side w'ith the hnish of the rolls is shown on 
p. 239 a, b, r and r. 

Tapering Valley Gutters. A gutter constructed between the slopes of two 
adjacent roofs is called a valley gutter, ano may be tapering when the common 
rafters of adjoining slopes rest on the same plate. Valley gutters are also 
available purpose-made in cast iron and asbestos. 

Snow Boards. These should be provided in all gutters to presene an 
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uninterrupted channel for draining away the water as the snow melts after 
a heavy snowstorm. The snow thaws on the underside first, through being 
in contact with the warm roof; and if the gutters and outlets be choked with 
frozen snow, that which is thawed will run through the joints in the roofing 
material. The gutters on the hospital at Basle in Switzerland are equipped 
with an electric heating element to melt the snow and keep the gutters per- 
manently clear. The snow boards consist of a number of strips of wood 
2" X V, placed in the gutter with their length parallel to the current of the 
gutter and spaced l in. apart; they arc supported by and fixed to cross- 
pieces 4 !/ y 2". From the underside of these bearers a piece at least 2 in. 
wide is taken out from the centre, and extends to within 3 in. from each end 
to form an arch for the melted snow to flow through. These arc also 
advantages on lead fiats over which foot traffic passes. 

Snow Guards. These consist of low iron railings fixed at the lower edges 
of all sloping roofs, for preventing large masses of snow slipping down the 
roof surface and falling over the eaves; they should he at least 1 ft high and 
the rails should be large enough to break the masses thoroughly. In severe 
climates on pitched roofs these should never be omitted; they are often 
dispensed with in the south of England and arc necessary in the midlands and 
the north. 

Burning In. Lead cover flashings for parapet gutters are sometimes 
secured to the stone blocking course b) being turned into a groove or raglet. 
cut dovetail shape, on the top surlace of the stone ; molten lead is then poured 
into the groove, which thorough!)' secures the flashing to the stonework. 
As the molten lead shrinks on cooling ii is necessarj to ‘ set it up \ that is, 
to expand the surface with caulking tools or blunt chisels with a rounded end. 
to fill the groove, and thus ensure the lead being thoroughly secured. 

Soldered Dots. Where large vertical surfaces have to be covered with lead, 
as oil dormer cheeks, they aie sometimes secured in the following manner: 
Round hollowings, 3 in. in diameter, an dished nut of the boards, the lead 
is dressed into these hollowings and sciewed to the boards and studs (the 
latter arc best for screwing to if thev come in the required positions). A 
tinned copper washer should be placed under the head of the screw to distri- 
bute the fixing over a greater surface of lead, so that when shrinkage or 
expansion takes place, the lead shall not be torn hv the screw'. The hollow is 
encompassed by a ring of soil (which is a composition of size, lamp black and 
chalk) to prevent the solder from adhering to the flush surface of the lead 
covering. The hollow is then filled up level with solder, and is then known 
as a soldered dot. Page 245 n shows the construction. Lead fixed in this 
manner is liable to crack near the soldered dots. 
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Secret Tacks. A better mode of fixing dormer cheeks is Shown on p. 245 e, 
where a lead tack is soldered to the back side of the lead covering. The 
loose end of the tack is passed through a slot cut in the boarding, and secured 
by copper nails on the inside. The tack, or secret tack, as it is called, fixes 
the covering securely, is not so unsightly as is the former method, and allows 
more freedom for the lead cheek to expand. 

Lead Dowel or Dot. Exposed parts of stone cornices, strings, etc., are 
covered with sheet lead, to prevent the absorption of the rain water that falls 
upon them. The lead is dressed down and over the cornice. It is fixed 
near the outer edge of the cornice by lead dowels placed at about 3 ft intervals. 
Circular holes exactly opposite each other are made in the lead and surface 
of the slonc; the edges of the lead round the hole should be turned up 
slightly. An iron mould with a small hole through the top is held over the 
hole in the lead and stone, and molten lead poured in to fill up the holes 
prepared to receive it, and also the cup-shapc hollow of the mould. This 

fixing is called a lead dowel or dot. 

•> 

COPPER 

Coverings. Copper sheet may be used for all roofing purposes as a cover- 
ing. It has many advantages, the chief of which is the fact thaUt is practically 
cvet lasting. When exposed to the atmosphere a very thin protective coating 
is formed, which develops over the course of a number of years into the well- 
known and beautiful grey or giey-grrcn patina. r l his patina, which consists 
largely of a basic sulphate ol copper, is immune to further atmospheric 
attack and will permanently protect the underlying copper sheet even though 
the atmosphere may be polluted with corrosive matter, such as is to be found 
in many industrial areas. 

Copper is tough, ductile and malleable. These pioperties enable the metal 
to withstand considerable physical damage and its freedom from creep is 
an attribute not possessed by the mere plastic metals. There arc no particular 
difficulties in the technique of working copper sheet or strip; but there aie 
certain peculiarities of which it is advisable to be aware. Thus, copper can 
be hardened easily by hammering and working. For this reason copper 
used for roofing or flashing should be in dead soft temper, although, if during 
the working the copper becomes hard, it can be annealed by heating to a dull 
red and quenched in water or allowed to cool naturally in the ail. In 
working copper, the various welts and folds should be achieved with a 
minimum of sharp blows as opposed to the succession of taps with which the 
plumber works lead sheet. 
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Copper roofing is light in weight. Taking comparative areas of roof, the 
weight of copper sheet covering compared to the weights of the following 
materials would be approximately as follows: 

l/7th that of lead; l/5th to l/10th that of slates; 

1/1 1th that of tiles; l/3rd that of zinc. 

The saving in weight may permit a reduction in the sizes of the constructional 
members of the roof. 

The coefficient of linear expansion for copper is less than for other roofing 
materials and thus there will be less movement due to temperature changes. 
Also, it is shown that lead should not be used on inclinations above 10° 
because of its Jow tensile strength and poor degree of elasticity, unless special 
piecautions are taken. Copper has good mechanical properties, a com- 
paratively high tensile strength, and this, in addition to its light weight, 
enables it to expand and contract on a steep pitch without any tendency to 
‘ creep ’ or * flow ’ down the slope. In fact, sheet copper can be applied to a 
vertical surface without taking any special precautions other 4han those that 
would be used in normal roofing practice. 

In the preservation of ancient buildings, copper or copper alloy rod has 
been used as reinforcement to concrete instead of steel; while for a roof 
covering it is favoured because it is found that insect pests, borers such as the 
death-watch beetle, do not thrive under copper. 

Specification. Hot oi cold rolled fully annealed sheet or strip copper in 
dead soft temper or half hard temper is used for external work and is supplied 
in the following gauges: 

Roofwork, 22, 23 or 24 s.w.g. copper — ranging in thickness from 0*028 
to 0 022 and weighing from 20 8 oz per ft to 16*4 oz. per ft. Sheet- 
hot rolled. Strip — cold rolled— fully annealed. 

Flashings, 24 to 26 s.w.g. copper — ranging from 0 022 in. to 0*018 in. 
thick and weighing 16*4 oz. pej ft to 13 *4 oz per ft. Strip — cold 
rolled — annealed. 

D.P.C/s, 30 s.w.g. copper — 0 01 in. to 4 in. thick, weighing 9*2 oz. per ft 
(cold rolled strip— annealed) laid with 3 in. minimum lap. 

Fully annealed copper must be used for roofwork, but half-hard temper 
material is sometimes required for weatherings to window frames and 
cornices or coping edges. 

Sheet sizes are usually 4' x 2' and 6' x 3'. The definition of sheet is 
flat material of exact length over 38 s.w.g., but not over | in. thick and over 
18 in. wide. Strip is material over 38 s.w.g. thick but not over | in. thick of 
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any width and generally not cut to length. Usually supplied in coil but may 
be flat or folded. 

Laying Sheet Copper. The preparation of the surface for sheet copper is 
exactly the same as for sheet lead (see p. 237). A layer of inodorous felt 
conforming to the following specification is first laid on the understructure 
with butt joints and secured with copper nails: 

B.S. 747 : 1952, Type 4A (ii) Brown, No. 1 Inodorous Flax Felt, 50 lb 
per roll. 

This serves three purposes: it lessens any possibility of ‘ wearing ’ the copper 
as it expands and contracts; it deadens the *>ound of wind and rain; and it 
acts as a measure of insulation. All sharp objects should first be brushed 
away from the understructure and nail heads punched well down into the 
boarding to prevent their coming into contact with the copper and setting 
up electrolytic action and consequent corrosion in the presence of moisture 
from condensation. All nails or screws should be either copper or copper 
alloy and, in the case of nails, there should be no shoulder under the flat 
head. * 

Laying Flats. Thesrc are two methods of laying copper in areas to cover a 
roof: (1) The Standing Scam; (2) The Batten Roll. The formation of joints 
with either of the types of roof just mentioned allow expansion and con- 
traction to be taken up without risk of damage to the roof itself. Drips may 
be placed on roofs below 10‘ in pitch and spaced at 10 ft to 15 ft apart. Such 
drips should be not less than 2 in. deep. 

Standing Seams. Page 253 d, l, i and o. The minimum pitch at which a 
standing seam roof may be laid is 1 0 ’. In general no area of any one individual 
piece of copper should be greater than 14 sq. ft. Thus, a piece 2 ft wide by 
7 ft long should be a maximum. At the ends of the strip the pieces are 
joined together by double-lock cross-welts, p. 253. In forming the standing 
seam the edge of the ovci cloak is turned up 1 & in. and the undercloak 1J in. 
Copper clips or cleats are fixed at 1 8 in. intervals to the prepared surface and 
turned up 1 \ in. against the overcloak. The illustration shows how this is 
done. The finished seam should stand approximately J in. high. The 
double-lock cross-welts in the individual sheets are staggered in alternate 
bays to avoid too great a thickness of metal at the standing seams. The 
thickness of the double cross-welt does not exceed i in. ; therefore the water 
will not lie behind the welt if the fall is 1 in 60. 

At the turn-up against the wall (see p. 254 a, b and c), the seam is flattened 
out and dressed tightly against the wall and a cover flashing fixed over the 
top. The edge of the cover flashing should have a bead worked on it to stiffen 
it. 
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The finish of the standing seam at the lowei end, b, is flattened out and 
welted to the flashing below, a gives a general \iew of such a flat dressing 
against a brick wall at its upper end and its lowei end with a flashing over a 
curb, with a slated roof The standing seam can be used on all surfaces from 
the flat to the vertical 

Wood Roll Method, lhis method is prtfeiablc foi flat roofs where there 
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joined with a double lock cross-welt. The sheets are turned up at their 
upper end against the brick wall, the internal angle being dog-eared. They 
have a saddle piece placed over the joint, as shown in b, p. 257. 

The roll covering at the lower end of the sheet over the drip or gutter has a 
piece of copper the shape of the roll end welded on to the turn-up of the 
lower sheet or the flashing. The end of the sheets are welted over as show n 
in d and e. Specially stamped end pieces, as shown in b and f, arc on the 
market. 

Conical Roll (p. 257). This is an older method not so much used now’adaj s, 
the main difference being that no capping strip is used and it therefore takes 
longer to do. 

Flashings for Chimney Stacks. When copper is dressed up about vertical 
surfaces there may be internal or external angles. Internal angles are formed 
with dog ears. For external angles on aprons a diagonal welt is formed 
between the front and side pieces as shown in the illustration on p. 256. 

Where a number of aprons and back gutters have to be formed of the same 
size then welding is very often used. The sides of the stack are made water- 
proof with the slating by soakers and step flashings. 

ZINC 

Zinc is suitable for exterior woik on all types of buildings Tlnd, if propci ly 
laid, provides one of the lightest and most economical of roof covciings. 
It will not last as long as lead or copper, but is cheaper than cither of these 
materials. Its life depends mainly upon the thickness of zinc used; and 
forty years may be expected for 14 Z.G. (21 s.w.g.) sheet under average 
conditions,* although there are many examples of roofs having lasted much 
longer without maintenance. 

Zinc is attacked by mineral acids, and will therefore last longer in residential 
areas, or along the coast, than in severely polluted industrial atmospheies, 
where a life of ten or lifteen years may be expected. 1 It is not aifccted bv 
sea air. On exposure, the bright metal tarnishes and a protective skin of 
basic zinc carbonate is formed. This coating is strongly adherent, and since 
it docs not flake or peel off, serves to protect the metal against further action. 

Zinc should not be laid in contact with copper on account of the risk of 
electrolytic action, but contact with other metals used in building is not 
harmful. The sulphur acids present in industrial atmospheres arc the chief 
agents causing atmospheric attack on zinc; soot in itself does not alfcct the 

* Post War Building Studies , No. 13, Non-ferrous Metals. 

t Cat’s urine is very corrosive to zinc, so zinc-covered flat roofs should be inaccessible 
to cats. 
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metal. Cement dnd mortars (sand/cement, sand/lime/cement) made from 
clean materials do not effect zinc beyond causing superficial etching while 
setting is taking place. Materials such as breeze concrete or mortar made from 
ground ashes (black mortar) may contain appreciable amounts of soluble 
salt which may attack zinc. When the metal has to be laid in contact with 
these latter materials it should be coated with bitumen. Crude (i.c. unrefined) 
tar is likely to attack zinc, but such tar is probably never used in building 
work. Bituminous and asphaltic materials (coatings, paints, mastics) in 
use at the present time do not attack zinc. With the exception of Oak and 
Western Red Cedar, seasoned timbers do not affect zinc. Zinc gutters, 
soakers and aprons should not be used where they receive the drainage from 
Western Red Cedar shingles. Care must be taken where possible not to 
discharge water from iron or copper rainwater pipes on to zinc flat roofs. 

The coefficient of expansion of zinc (0 00001 55 — °F) is greater than 
that of copper, but sightly less than that of lead; provision for this is 
made in roofing. The metal has a relatively low melting-point (419° C.), but 
will not burn unless heated to much higher temperatures. 

Zinc Sheet. The standard sizes of sheets specified in B.S. 849 are 3 ft 
wide and either 7 ft or 8 ft long; other sizes can be obtained to special order. 
The thickness of sheets is often designated by the special Zinc Gauge; and 
all Biitish rolled sheets are stamped both with this and the nearest equivalent 
s w g. number. The gauges used in good building work are as follows: 
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Zinc Roofing Systems. Several methods are in use; and the oldest, the 
roll cap system, which has undergone minor improvements during the last 
100 years, is still the most useful method of laying zinc roofs today in this 
country. 

The Italianised roofing system, which does not require a continuous 
decking under the sheets, comes next in importance and is widely used for 
buildings such as warehouses and railway stations. In this system the sheets 
are provided with three machine-made lengthwise corrugations, and are 
supported on round-topped rafters. 

On the Continent, standing seam zinc roofs are common, and there are 
several examples in this country. Either zinc sheet or strip may be used, 
and the method of laying is the same as that used for standing seam coppei 
roofs. 

Roll Cap Roofing. Felt or paper is laid over the roof boarding under the 
rolls (felt is butt jointed) prior to laying the sheets. This prevents condensa- 
tion on the underside of the metal. The sheets are laid over boarding or 
other decking material, and arc turned up against straight-sided wood rolis 
fixed m the direction of the fall. The wood rolls measure I£ in. across the 
base, tapering to 1J in. across the top and are at least 1 £ in. high (p. 260 b 
and see table). No soldering is requiied nor should it be used on straight- 
forward work, and no nails or screws pass through the exposed surfaces. 

The minimum fall for fiat zinc roofs is H in. in 8 ft. Drips, which require 
to be tyiilt into the roof structure, must be at least 2 in. deep for a welted 
drip or 2 \ in. for a beaded drip (p. 260, detail i ), and spaced not more than 
7 ft 6 in. apart if standard sheets are to be used. 

Dog ears are formed at the corners of sheets wlicie the side turn-up meets 
the end turn-up, and so arc required at corners between alls and under 
drips p. 2b0 r. 

The loof is covered from the bottom of the fall upwards, and operations 
commence with the spacing and fixn ^ of the wood rolls. In standaid 
practice the rolls are fixed witli their bcitom edges 2 ft 9} in. apart; that is 
at 2 ft 11 in. centres; this allows for a l J-in. turn-up along the long sides el 
the sheets, plus 1-in. along each side for expansion. Sheets are held on to 
the roof decking by means of 1 J-in. w ide zinc dips fixed under the rolls and 
bent o\er to grip the sheet turn-up. C lips are spaced not more than 3 ft 6 in. 
apart. When the sheets are in position, the wood rolls are covered with 
standard square capping. Stop ends arc t m mod on the lower ends of capping, 
a forming block made of cast iron or hardwood being necessary for this 
operation. The tail of the stop end is cither beaded or welted to hook on to 
the ends of the sheets already in position. Cappings are fixed in lengths of 
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not more than 6 ft, by means of holding-down clips (p. 260, ' detail d). These 
are bent up to the same shape as the capping and are 4 \ in. long with a 1 J-in. 
turn-back across the lower end. Clips are fixed over the top end of the lower 
length of capping by galvanised screws or nails, and the next length of 
capping fixed into the fold of the clip. 

Saddle pieces are formed on the ends of cappings at walls and drips, and 
arc worked up from the capping by simple folding (p. 260, detail a). Where 
the roof sheets abut a wall at a drip, a comer piece is welted into the upper 
sheet (p. 260, detail c). 

Standing Seam Roofing. This method of roofing, which is more popular 
abroad than in Great Britain, provides an excellent watertight roof, and is 
particularly suitable for slopes of very' considerable pitch. Tor Hat or nearly 
flat surfaces it docs not compete with the roll cap roof, nor is it suitable 
where considerable traffic is expected, since the standing seams, if trodden 
down flat, would lose their value as expansion joints. 

The details of the system are already described in the section dealing with 
copper roofing, 4 and when zinc is used only minor modifications are needed, 
hither sheet zinc or strip zinc can be used, although generally speaking the 
/me should be softer than that used for the roll cap system. When sheets 
are used, the ends arc joined by single welts. As in the roll cap looting 
s\stcm drips arc needed where the fall is less than 1 in 8. Th^minimum fall 
should not be less than 1 £ in. in 8 ft. By the use of strip zinc, which can be 
supplied in long lengths, the need for welted joints or drip> is completely 
eliminated. 

In fixing a standing seam roof, zinc clips. U in. high, are iiisl nailed to 
the boarding at about 12-in. centres. The side of the first sheet is turned up 
1 } in. and fixed by bending over the clips. The side of the second (adjacent) 
sheet is turned up 1 1 in. and secured to the first sheet by a single and then a 
double welt, the finished seam being about $ in. high. Care must be taken 
to leave i in. fice space between lower edges of turn-ups to allow for expansion. 

Box Gutters. Box gutters arc constiucted with falls and drips as for flat 
roofs. The depth at the highest point should be at least 2 in. and their width 
at least 9 in. Sides of box gutters against walls are turned up at least 4 in. 

Flashings. Hashings are made in 7 ft or 8 ft lengths from the same gauge 
metal as the roof. They should be turned into the wall at least | in. and 
secured with zinc, lead or hardwood wedges spaced not more than 2 ft apart, 
and then pointed up in the usual manner. The free edge of flashings should 
lap over the turned-up roof or gutter sheets at least 2 in., and have their 
bottom edges stiffened by means of a half round bead, or alternatively a 
welt. 
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Flashings for Chimney Stacks. These arc formed in a manner similar to 
that described and shown in the section on Copper, with the exception that 
the gussets in the aprons are soldered on, not welded; and in the back gutter 
the side pieces and gutter bottom are also soldered. 

ASPHALT 

Materials. Trinidad Lake Asphalt . This is quarried in the Island of Trinidad 
and consists of a mixture of bitumen, colloidal clay and fine silica. 

Natural Rock Asphalt . This is mined in Switzerland, France and Sicily . 
It occurs in a calcareous rock naturally impregnated with bitumen. Both 
the bitumen and the limestone vary in quality and in the degree of impregna- 
tion. The imported material has at least 6° 0 bitumen content, it is crushed 
and ground in this country for the manufacture of Mastic Asphalt. 

Application 

Preparation and Laying. The asphalt is brought to the? site in blocks 
weighing about half a hundicdweight each. They arc ihelted in a boiler, 
care being taken to see that the temperature docs not rise over 400" F. The 
molten material is kept continually stirred bv means of rods, and is then 
carried by pails to the spreaders who apply the material to the surface by 
means of floats and small trowels. 

Whe^ properly applied, the material is jointless and can be applied to 
both horizontal and vertical surfaces. 

Roofing. On a concrete surface it is usual to ensure that there is a minimum 
fall of 1J in. in 10 ft, although in sonic cn cum stances the roof can be per- 
fectly flat, eg. permanently flooded rools The asphalt is applied direct in 
two thicknesses of l in. each to a total oi l in The drawing on p. 26f> 
indicates treatment at internal and external angles, eaves, lainwatcr outlets, 
standards, vent pipes, etc. 

At all internal angles fillets are buili up in three coats to guard agams* 
splitting at this point. 

Vertical surfaces should be roughened m the case of concrete, or courses 
raked out in the case of brickwork, to provide a key. The asphalt may be 
taken horizontally through a wall to form a damp-proof course. If the wall 
above is likely to be heavy the asphalt may squeeze out in hot weather, so 
that in this particular instance a metal bituminous felt D.P.C. maj be 
preferable. 

Where it is necessary to avoid exposing the asphalt vertically on a con- 
crete fascia (note the key shown on the detail) then a lead or aluminium 
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flashing may be ftsed. This may be turned down into a rainwater gutter, 
or if an upstand is formed, the metal flashing can be turned neatly over the 
top edge of the tascia board. 

Special cast-iron fittings are available for forming and making good the 
asphalt finish where pipes pass through a roof. Similarly solid or hollow 
standards arc provided with rimmed flanges to receive the top edge of the 
asphalt upstand. 

Special cast-iron outlets, slightly funnel-shaped, are available with flanges 
to receive the asphalt. Sumps should never be used with this type of rain- 
water outlet; they collect leaves and rubbish and are so easily broken when 
too vigorously rodded. Outlets may alternatively be formed with the aid of 
lead sleeves formed like flat funnels, and providing a spigot for the socket of 
the rainwater pipe. The outside edges of funnel are turned over to provide 
an additional key for the asphalt. 

It is important to provide a layer of insulation under which it is essential 
to provide a continuous vapour barrier. Insulation may consist of insula- 
tion board, cork slabs, or a substantial lightweight screed. Vapour permea- 
ting the concrete or other structure will not then condense out on the cold 
underside of the asphalt. 

Finished asphalt roofs are not intended to take traffic; ideally they should 
be surfaced with a macadam or other suitable wearing layer for this purpose; 
otherwise it is valuable to reduce solar heat absorption by covering the 
surface^vith white spar, marble chips, limestone chips, asbestos cement roof 
tiles, or light concrete tiles. As asphalt over a long period of time is broken 
down by the ultra-violet light content in the sun's rays, such surfacing greatly 
increases the life of the roof. 

Asphalt becomes more brio’s ir cold weather and is therefore more liable 
to damage by structural movement in the winter than at other times. Struc- 
tural, thermal, and moisture movements in different degrees for each different 
building material are all liable to occur , c.g. there is liable to be movement 
between the edge of a large concrete rooi and adjacent brick wail (or parapet). 
In this case, the asphalt is turned up 6 in. to form a skirting and a metal 
flashing is taken through the brickwork a course or so above, and dressed 
down over the asphalt skirting. This allows relative movement to occur 
with less danger of cracking. 

BITUMINOUS FELTS 

Material. There are four main types of roofing felts.* 

Class 1. Bitumen felt (fibre felt); the base consists of close textured 
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absorbent sheet made from a mixture of animal and vegetable fibres saturated 
with bitumen. It is coated with oxidised bitumen which softens at tempera- 
tures over 80° C. It is surfaced with finely divided talc, natural sand, mineral 
granules or other approved material. Depending upon the finish, it can be 
used as cither the top or cap layer or the under layers in built-up roofing. 

Class 2. Bitumen felts (asbestos base); the base consists of an absorbent 
sheet of asbestos fibre containing not less than 80% asbestos. It is saturated 
with bitumen and has a coating of oxidised bitumen as before. One variety 
is obtainable which is not coated and is herefore not suitable for the top 
layer of built-up roofing. This class of felts is useful where fire resistance is 
required (see later reference to By-laws). 

Class 3. Fluxed pitch felts; the base consists of a close- textured absorbent 
sheet made from a mixture of animal and vegetable fibres. It is saturated 
and coated with a fluxed coal tar pitch of a certain standard. The uncoated 
variety is used for lower lasers of multiple layer roofing. The coated variet) 
for use for this and for the cap layer. It is used in single la)ers for unimpor- 
tant structures. 

Class 4. Impregnated flax felts and hair felts; the flax felt consists of a 
loosely felted mixture of flax, jute or vegetable fibres. The black felt is a 
similar loosely felted mixture of animal hair, the brown felt has 50% cow 
hair or other animal hair, the balance being jute or other fbgetable fibres. 
The seare impregnated, in the case of black felt with fluxed coal tai pitch 
and in the case of brown felt with brown wood tars, wood pitches qc similai 
roofing materials. I hese fella are used mainly for heat insulation and sound 
absorption treatments or for isolating underlays. 

Weights. Roofing felts are specified by weight, i.c. the weight of one toll, 
l \d wide by 12 yds long, and may vary from 15 lb to 80 lb. Although some 
felts arc supplied in 24-yd rolls the weight is still specified per 12 square 
yards. 

Fire Resistance. For normal domestic buildings,* adequate fire resistance 
is provided by asbestos-based looting felt (to British Standard 474), oi 
organic-based roofing felts on a J-in. screed or other non-combustible material, 
or if it is covered with \ in. of non-combustible material, e.g. asbestos roofing 
tiles or light concrete slabs, or if it is covered with bituminous macadam 
(not more than 7% bituminous material) and fine gravel or stone chippings. 

In the case of public buildings, warehouses, large houses, terraces, the 
covering must be able to withstand the spread of fire and is decided by the 
local authority to suit each particular case. 

* Other than houses of more than 36,000 cu. ft capacity, or houses forming blocks of 
more than two houses. 
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Where the roof covering does not comply with the foregoing the building 
must be twice its height from the boundary. 

Life. As with asphalt, ultra-violet light in the sun’s rays breaks down the 
bitumen in the course of time, so that a surface finish of preferably a white 
material such as spar limestone chippings, marble chippings, asbestos tiles 
or light concrete tiles will increase the life of the roof considerably, as well as 
assisting in the insulation value of the roof. 

Vapour Barrier. Once again it is necessary to stress the importance of 
providing a continuous vapour barrier below the insulating layer under the 
felt so that moisture laden air from within the building cannot condense out 
on the cold underside of the felt. 

Application. The drawing on p. 270 shows how the three lavers are applied 
each sealed in a continuous layer of hot bitumen. A two-layer felt is some- 
times specified but a three-layer specification is more satisfactory. It is 
usual to make the top layer the heaviest, e.g. first layer 55 lb, second layer 
55 lb, top sheet or layer 80 lb.* Alternatively all the layers could be 60-lb 
sheets, there are many varieties possible. The side joints overlap 2 in. and 
the end joints overlap 6 in. No joints in succeeding layers should coincide 
(they should all break bond). 

The layers arc sealed together with oxidised bitumen applied at the rate of 
3 lb per square yard. 

On a timber roof a lirst layer of t)0-lb felt is stud-nailed with large gal- 
vanisecUclout nails to the timber. Where the roof is laid on a lightweight 
concrete screed a 50-lb layer is laid loose over the concrete and sealed only 
at the outside edges of the loof with oxidised bitumen applied at the usual 
rate. The laps in this case are 3 in. and are sealed in turn with oxidised 
bitumen. The roof is then c«' •'tim ed as before, c.g. second laver 60 lb and a 
third layer of 80 lb (plus protective tiles, etc.). 

The general principles of application are similar to those of asphalt, roofs 
may be laid flat or they may be laid to » minimum fall of 1 in 80. f 

Rainwater outlets may be provided in a similar way to asphalt technique, 
i.e. with cast-iron funnels, the first two layers being taken beneath the flange, 
the top lajer being dressed into the outlet J ‘ Fulbore ' outlets are a recent 

* The 80 lb sheet may be a two-ply sheet, which is bonded together at the factoiy. 

t There are two schools of thought; the absolutely ftei-ids say that to keep bitumen or 
asphalt moist prolongs its life; the 1 in 80 fillers say that puddies on a roof look bad and 
that puddles diving out m hot sun subject the » ^-proofing to great local diflerenccs in 
temperature. On account of the bumps over stains a roof has to be very much steeper 
than 1 in 80 to be clear always of puddles’ 

t Another method of forming outlets in flat roofs is to form a lead or Nurahte flanged 
sleeve as in section bb p. 146, this goes between the second and third layers, the third or 
cap layer being dressed down into the outlet. Tne sleeve enters the top-most socket of 
the R.W.P. * 
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development in Which the flanged grating can be seiewcd down, pressing the 
felt to the funnel ail round. This is a great improvement. The outlets from the 
funnel may be vertical, at 45°, or practically horizontal. 

At the eaves the felt may be formed to a drip over a gutter attached to a 
fascia as in the alternative detail section cc on p. 146. Where gutters are 
not provided and rainwater outlets are used, then it is neccs^ai y to form an 
upstand round the roof as in sections aa and bb, etc., p. 146. This upstand 
prevents gusts of wind blowing water from puddles over the edge of the 
eaves. They are formed by means of V x V wood triangular fillets up which 
the felt is dressed. The fillet and the top edge of the fascia is then flashed 
with a metal or Nuralite cover flashing fixed by means of dots or tacks. 

At the junction between the tiled or slated pitch roof and the flat roof 
tsee p. 270) the felt is again taken up a triangular fillet and a flashing of 
heavy felt or, preferably, metal, is taken down under the bottom course of 
the tiles and dressed over the turned-up felt. Pipes passing through flat 
roofs are treated as shown in the detail on p. 270. Parapet and valley gutters 
are easier to form as the material is a continuous one, so thaf drips and cess- 
pools are avoided. 4 Fulborc ’ parapet R.W. outlets are the most effecthe 
way of coping with rainwater disposal from parapet gutters. The rectangular 
grating in this case can be clamped against the flanged outlet gi ipping the 
felt all round. 


NURALITE 

This material is coming into use as a substitute foi looting metals because of 
its cheapness. It is supplied in sheet form 8 ft by 3 ft. It is black in colour 
and is composed of asbesto* »nd .ertain bitumens. 

It can be used for flat roofing with the roll cap method, but because of its 
lightness extending to bnttleness, it must be fixed frequently to prevent 
damage by high winds. 

It is useful for forming most tjpes ol flashings. Tho*e with long exposed 
edges can be finished oil neatly with a small corrugation or bead, which 
provides greater rigidity. 

The material is formed by softening with a blow lamp oi with spccu 1 
irons. It is easy to cut and can be welded with *bc aid of ‘ welding plastic \ 
Nuralite 4 dots ' can be formed, for fixira n way from edges, with the aid of a 
circular cupped non * 


• See Nuralite Technical Handbook, 1 he Nuralite Co. Ltd., \\ lutchall Place, Gravesend, 

Kent. 
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TANKING 

This subject is dealt with more fully in Advanced Building Construction , but 
the drawings on p. 272 indicate the principles. 

It is not always possible to excavate a trench clear of the outside walls of 
the basement, but, where it is, then it is much better to apply the asphalt or 
felt (either may be used) direct to the outside surface of the main retaining 
wall. Otherwise a semi-structural wall has to be built and tanked on the 
inside, the retaining wall proper being casfup against it in lifts as the water- 
proofing is applied. Subsequent water pressure may then press the water- 
proofing oiT the outside wall and on to the retaining wall proper in spite ot 
careful consolidation of the retaining wall; this transfer may cause cracking 
of the waterproofing. 

The procedure is to cast the site concrete and base to the retaining wall, 
and on this to lay the 1£ in. horizontal asphalt or two layer felt tanking. A 
strengthening triangular fillet is formed at the comers and the*waterproofing 
taken without a break up the vertical surfaces. The concrete loading coat 
has to be sufficiently reinforced to resist the upwards water pressure which 
may develop.* 

Where concrete or steel column bases have to be accommodated it is 
better to take the tanking underneath them as shown in the first detail. 
Alternatively the reinforced concrete casing may be taken round the asphalt, 
dressed up the column, as shown in the second detail (p. 272). This mav be 
more economical where the basement is a shallow one. 

* During the const! ucLion of basements a sump is dug in one corner which is kept dry 
b pumping, when the concrete lo&ltnj* roat and the structural retaining wall are strong 
enough, the sump is filled in and as t iult or felt carefully sealed before the water has time 
to rise. 
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Water Supply — Cold and Hot 

COLD WATER SUPPLY 

For town supply the water is drawn off from rivers or wells, fed to closed or 
open reservoirs, sterilised and pumped either to high storage tanks with a 
gravity feed to the mains or pumped direct into the mains. In the country 
away from mains, supply may be by well when a pump may be fitted to the 
well for direct supply or the pump may deliver the water to storage tanks 
whence it may be drawn off as required. The Water Company's mam is 
usually situated in the road. When a new supply for a building is required the 
main is tapped and a pipe taken to a stop tap and guard pit either in the pave- 
ment or just outside the boundary of the site. This stop tap enables the Water 
Company to isolate the supply to the building in case of leakage or failuie. 
This ‘ communication pipe * (i.e. the pipe from the main to the building) is 
taken to the internal stop tap which is usually located just above the Mte 
concrete at the foot of the rising main (supply pipe). This«top tap should 
have a draining outlet incorporated in it so that the rising mam can be 
drained off. 

The rising main is turned into the storage cistern through a ball valve 
which stops the supply when the cistern is full (see draw ing on p. 277). 

The communication pipe should enter the building through a sleeve of 
drain pipe to eliminate fracture due to movement by the building settlirg. 
The point of entry should be away from external walls so as to avoid frost. 

Storage System. For cold water service only, the minimum is usuall} 50 
gallons (actual capacity), if the storage system supplies the hot water sen ice 
as well, minimum size should be at least 80 gallons. A feed system for a hot 
water supply system only must be a minimum of 30 gallons.* 

For other types of buildings the Code of Practice lays down a recom- 
mendation for each fitting, i.e. shower 100 to 200 gallons, w.c. 40 gallons, 
lavatory basin 20 gallons, sink 20 gallons, urinal 40 gallons, plus each person 
served 30 gallons (dwelPngs and boarding schools 30 gallons, etc.). 

One of the objects of the storage cistern is to prevent the possible sucking 

* 80 gallons- V x 2'6 # x 2'2* 

50 gallons- 2 # 6 # X2'X 2' 

30 gallons— 2' 3 # x V 8' x 1'8' 
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back of contaminated water into the public mains should negative pressure 
(suction) occur in the mains, hence it is important that the overflow pipe, 
which must always be provided to a cistern, should be fixed below the inlet 
level of the supply pipe so that the water can never rise to the level of the 
inlet. The overflow pipe must discharge into a position giving warning of 
overflow (see drawing on p. 277). 

From the storage cistern are taken the cold feeds to the hot water tank 
and the cold feeds to w.c., lavatory basins, baths and sinks. 

One important exception to this princi} le is that the kitchen sink should 
have a cold water supply straight from the rising main for drinking wafer 
(drinking water from the cistern where the water has been standing, is not so 
beneficial to health). 

The expansion pipe from the hot water tank may turn over the storage 
cistern so long as its end is well above the highest possible water line (see 
drawing on p. 275). 

Materials— Cisterns. The most usual, because it is the cheapest, is gal- 
\aniscd steel. Asbestos-cement cisterns arc a very practical proposition as 
they do not suffer from rust. Alternatively, copper is very durable but of 
limited strength, making the maximum possible size about 60 gallons; lead 
cisterns built in a softwood case are too expensive nowadays (avoid hard 
woods). In the best practice, 4 safes ’ are provided underneath cisterns in 
the form of trays with outlet pipes running to roofs or gutters, in case the 
cistern springs a leak. In larger buildings the cisterns are often pqt on the 
roof so that the floor of the tankroom is part of the water proofing of the 
ioof. In all cases cisterns should be lagged to keep them free from frost. 

Materials — Pipes. Lead or compo (lead alloy) communication pipes 
should not be laid in earth containing a lot of vegetable matter, or in contact 
with lime. From the Company's stop tap the underground communication 
pipe may be in: 

(а) Compo or lead (see above). 

(б) Copper to B.S.S. 1386/1947 which may, if long distances are 
involved, be laid by mole plough.* 

(c) Iron and Steel. 

(J) Plastic. 

(a) Lead has the advantage that it is very easy to cut, and form, although it 

* A mole plough is winched along by tractor and will cut a 21 in. diameter mole drain 
at an operational depth adjustable between 12 in. and 21 in. in any soil which is reasonably 
free of large boulders or tree roots. An entry trench is dug to the required depth and the 
1 knife * of the plough cuts a slit and the tip of the knife is attached by means of a special 
fitting to the end of the pipe. 
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WATER SUPPLY — COLD AND HOT 


is» inclined to be expensive. It has to be supported frequently because it is not 
particularly stretch resistant. Joints may be made by wiping; solder is 
wiped into position while the solder is molten (see p. 278 a). 

Lead burning is used in the plumber’s shop. It is a form of ‘ welding 
the lead forming the actual joint being built up in three steps or layers (see 
p. 278 b). 

(/>) Copper for underground service is soft temper and a thicker gauge than 
that used for internal work. The material is very durable except where free 
sulphates are present, and in some acid soils, where it is advisable to lay the 
pipes in a bed of sand. 

Jointing underground should be done with manipulative fittings (where the 
pipe ends must be shaped for gripping) or with capillary fittings (sec drawings 
on p. 279) * 

(c) Iron and Steel Tubes. These are usually galvanised and should not 
be formed, but are supplied in random or standard lengths with screwed 
ends. There are numerous galvanised fittings available to suit a great variety 
of layouts. The screwed joints are made tight with yarn and jointing com- 
pounds. 

(d) Plastic Tubcs.t These are now becoming accepted by most Water 
Authorities, having an important virtue in that they are frost resistant. They 
are unaffected by soils and waters which may be corrosive to metals. They 
become plastic when warmed and therefore can be formed easily. They arc, 
however, not suitable for use in hot water service as they become # too soft 
in the presence of boiling water, but they are satisfactory as waste pipes. 
Plastic can be had ‘ natural i.e. transparent, but where exposure to light is 
possible the tubes are supplied blackened, so that green organic growths 
cannot form in the water. 

Jointing is effected by copper fittings, nylon fittings, or by fusing with heat -- 
welding. 

Flushing Cisterns. These must be supplied with overflow pipes in a similar 
manner to storage cisterns, and should deliver 2 gallons in 5 seconds for a 
high-level cistern or 2 gallons in 6 seconds for a low level cistern (p. 281). 

It is inadvisable to connect them (Croydon or Portsmouth valves) to 
mains pressure, especially if this is 60 lb per sq. in. or over, as the washers 

* Manipulative and non-manipulativc joints are tightened up with a spanner, where- 
as capillary fittings incorporate an internal solder sleeve. When the sleeve is heated up 
with a blow lamp the solder melts, and by capillary attraction * flows * to all parts of the 
joint. If this is correctly done with plenty of heat a very satisfactory joint is produced. 
Instead of an incorporated solder sleeve, solder may be fed into the joint either through 
a special hole or at the edge of the socket. 
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are likely to give frequent trouble. Furthermore in this* case they are not 
allowed to be fixed with silencing tubes.* 

Flushing Valves. These are used instead of flushing cisterns and arc 
designed to deliver water at a similar rate either when a button is pressed or a 
handle turned. 

Because some authorities believe that flushing valves could cause the 
contamination of the mains supply in case of back pressure, it is usual to 
arrange that flushing valves are fed from a cistern supplied through a ball 
valve. 

Draw-off Taps. These usually function by the screwing down of a washer 
over a flow orifice. A recent development is a tap which does not need to 
have the supply turned off when the washer is being replaced. Another 
development is a ‘ progressive ’ tap which, for the first turn or so, supplies 
cold water, and as the handle is further turned the cold water becomes 
warmer progressively. It is supplied with a spray outlet and is very economical 
in consumption. 


HOT WATER SUPPLY 

The supply of hot water to draw-off points — taps in baths, lavatory basins, 
sinks, etc., is usually taken from a hot water storage tank. This in turn is 
supplied from the hot water boiler. As water is drawn off from the hot water 
storage tank, the feed from the cold water storage cistern replaces* the dis- 
placed water. 

There are two systems, namely the direct and the indirect . The direct 
system should not generally be used, as hot w iter supply to draw-off points 
is heated directly in the boiler; this means that fresh water is always being 
introduced into the system, which encourages the build-up, over a period of 
time, of scale in the pipes. 


The Indirect System 

Here the hot water storage is in an indirect cylinder, or calorifier (see p. 283). t 
The stored hot water occupies the bulk of the cylinder and is heated in- 
directly through the coil or annular heater connected to the boiler or primary 
circuit. 

' * The Building Research Station has just developed a new type of ball valve with a 
washer less liable to be damaged by 1 cavitation ’ and so this advice may need to be re- 
vised (see drawing on p. 271). 

t There are two types of calorifier, one heated by a coil of pipe supplied from the 
primary circuit, or an annular heater — an enclosed hollow sleeve similarly connected. 
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The primary circuit may also serve radiators. The temperature in the 
secondary system, the water of which is always being replaced, is lower than 
that in the primary system and is therefore less likely to suffer from scaling. 

Where several hot water supply points are widely spaced as in schools or 
in blocks of flats, a calorifier plus 4 break pressure * tank can be fitted as a 
unit served by a primary circuit. 

Electric Storage Water Heaters. Non-Pressure Type , These aie mostly 
of small capacity for implementing hot water service during summer months, 
e.g. at kitchen sinks. 

Pressure Type . These are usually of, say, 20 gallons capacity and in- 
corporate a 4 pressure break ’ tank with its own ball valve. 

Multi-point Gas Heater . Here the gas turns on automatically by means 
of a thermostat as soon as hot watci is drawn off, and is a useful device for 
summer use when the boiler fire is out. 

A similar device can be arranged with an electric immeision heater, except 
that this immersion heater is usually placed in the hot water cylinder.* 

* The operating tcmpciature of the thermostat on the immersion heater should not be 
more than 140° K otherwise scaling may occur. It is vital that all the hot water service 
and especially the hot water cylinder is veiy efficiently lagged, otherwise the system will be 
most uneconomic 
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Drainage 

Raw sewage will decompose readily by the action of myriads of bacteria. 
This causes the production of unpleasant gases and the bacteria can be 
dangerous to health. The main object of a drainage system is to conduct 
the sewage away by means of pipes which are water tight and gas tight. 

The sewage may be treated in the local authority’s sewage works or it, 
may be treated in a septic tank and filter bed. In either of these cases the 
principles of reduction of sewage to a relatively safe product is the same 
(p. 299).* 

Principles of Drainage. The following principles must be adhered to in 
order to produce a satisfactory system. 

1. Falls. If sewage moves too slowly because the- fall is too shallow, 
the drains will block. If the drains are laid too steeply the solids will be 
left behind. If the drains are very steeply inclined the rush of sewage 
may damage the drain unless it is adequately constructed. 

2. Depth. The drain must be laid deep enough in the ground to be 
free from damage by vehicles or by the movement of the ground due to 
4 Seasonal Movement * (p. 21). 

3. Ventilation. All parts of the system must be properly ventilated 
to prevent the build-up of noxious gases. 

4. Seals . Terminations of soil drains must be fitted with seals- - 
U shaped bends in the pipe to retain a water seal— to prevent gases 
escaping into the building. 

5. Access. Manholes, rodding 3yes, etc., must be provided so that 
all parts of the drain can be roddrd in case of blockage These access 
positions enable the drains to be tested. 

6. Materials. These must be non-corrosive and able to withstand 
any stress which is likely to occur. 

7. Joints. These must be made so that they will not leak during the 
life of the drain, nor become loose, nor obstruct the bore of the pipe. 

8. Support. In every part, the drain pipes must be adequately sup- 
ported. Where they pass under the foundations of the buildings these 
must be arched or bridged so that no load comes on to the drain. 

* This is dealt with more fully in Advanced Building Construction. 

285 



286 


DRAINAGE 


9. Interaction. Pipes must be arranged so that the'effect of the dis- 
charge of one fitting does not break the seal of another, or cause flooding 
through blockage. 

By-laws. Every local authority is empowered to ensure that the construc- 
tion of drains is in accordance with their By-laws. Building inspectors visit 
work in course of construction to see that the By-laws are carried out. 


MATERIALS 

Salt Glazed Ware. This is the most common material used in the manu- 
facture of drain pipes and is suitable for most applications. Pipes and other 
fittings are made from clay, and are fired and glazed. They are made 
usually in 2 ft lengths, each pipe having a socket which is larger to allow the 
next pipe to be jointed into it. They are brittle and inclined to fracture 
under impact or excessive weight (see p. 287).* 

Pipe Laying.* Trenches should not be left open longer than is necessary. 
The weather tends to loosen the soil and excessive settlement is likely to 
occur. Flooding and accidents are other hazards caused by unnecessarily 
opened trenches. Each pipe should be examined before laying to see that it 
is free from cracks. * 

Start laying pipes at the lower end of the trench. Each pipe has to be 
checked for line and level by means of boning rods (see p. 1 9). A hgnd hole 
should be left under each joint so that the jointing can be completed properly. 
Trenches that are too deep should be filled to the proper level with a 1 : 12 
weak concrete. Alternatively the pipes may be laid on small concrete blocks; 
this is a good method when the pipes have to be laid on a concrete bed as the 
blocks can then be the same thickness as the bed. 

Pipe Jointing. Tarred Hemp Gasket is wrapped round the spigot (straight 
end) of each pipe. This has two functions, first it prevents mortar used for 
jointing being forced into the bore of the pipe, and secondly it centres the 
spigot in the socke,t, so that the bore of the drain pipes when joined are 
properly in alignment. The end is caulked tightly home so that it does not 
fill more than a quarter of the depth of the socket. A 1 : 1 cement/sand mix 
is used, never neat cement. This is pressed by hand into the joint all round, 
and struck off with a small trowel to form a neat fillet. Only fresh water 
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should be used and the joints should be allowed to cure slowly by placing 
wet sacks over them (except in frosty weather). 

Manholes (Inspection Chambers) (see p. 291). These can be made of 
brickwork, concrete or pre-cast concrete sections, and must be big enough 
to enable rodding operations to be carried out. If they are shallow they can 
be small, i.e. r 6' x V 6". If they are deep then they must be big enough 
for a man to descend them. 

Another factor influencing the size of manholes is the number of 
branches the manhole is to accommodate. With a 4-in. drain allow 12 in. 
per branch. For a 6-in. drain allow 15 in. per branch. For the width allow 
12 in. for each side with branches, plus 6 in. for the diameter of the main 
drain — whichever is greater. 

The concrete base should be at least 6 in thick, this base carries the walls 
of the manhole and the half-round channel bends or alternatively junctions 
(see drawing and notes on p. 291). Branch pipes should discharge into the 
main run as nearly as possible in the direction of flow in the main channel. 

‘ Concrete benching ’ should rise vertically at each side of the channels at 
least to the height of (Jie top of the outlet pipe; it then slopes more gently 
to the manhole walls to provide room to stand. This benching guides the 
sewage in the right direction and is formed at a minimum slope of 1 : 6 so that 
no sewage can be trapped on it. Concrete should be finished in a 1 : 1 
rendering, trowelled with a steel trowel to produce a smooth impervious 
surface. 

Brickwork should be at least 9 in. thick, preferably vitrified bricks and 
laid in English bond, the mortar should be 1 : 3 and the joints, especially the 
perpends, must be completely full of mortar. If there is danger of external 
ground water pressure then it is advisable to render the outside of the man- 
hole; internal rendering is not rccommendql. 

A cast-iron frame is then set on the top of the manhole level with the ground 
and the lid fitted on to it. The frame rnu^t be properly bedded and fixed. 

For larger manholes pre-cast concrete sections with preformed bases 
and channels are often more economical to use. 

Connections to Public Sewer. This is usually done under the supervision 
of the Sanitary Inspector. A small hole is made which is carefully enlarged, 
bit by bit, until a saddle piece can be fitted in. When this has been jointed 
the whole connection is cased in 6 in. of concrete. 

Inlets to Drains. Any sanitary fitting must first discharge through a trap 
containing a water seal. This prevents the gases in the drain pipe, either from 
the sewer or from deposits on the side of the pipe, escaping into the room. 
Soil fittings are always connected directly to the drains or soil stacks. Waste 
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fittings may be connected in a similar way (subject to dertain precautions 
being taken to prevent interaction), or they may be discharged into the open 
air over or above the water level of a gully trap (see p. 293 a).* 

Pre-cast Concrete Pipes. These are most often used for sewer pipes over 
6 in. diameter. They are available from 6 in. to 48 in. in diameter. 6 ft is a 
common standard length. Jointing technique is similar to that used for 
stoneware. 

Pitch Fibre Pipes. These pipes, which are coming into general use, are 
made of blended wood-cellulose fibre and refined coal-tar in the proportions 
25 % fibre and 75 % pitch by weight.f 

One important advantage is that they are manufactured in 8-ft lengths, 
thus reducing the number of joints required in any particular run and thereby 
the chance of leakage. Jointing is not made with mortar, but by tapping 
the pipes into tapered sleeves (see p. 293 c). 

The pipes arc flexible and can accept an appreciable degree of bowing, 
and are not inclined to rupture under uneven ground settlement. Pipes are 
available in diameters of 2 in., 3 in., 4 in., 5 in. and 6 in. ; they can be cut to 
special lengths and can be fitted using the normal ) : 1 mortar technique 
into stoneware gulleys and other fittings. 

When laying, pipes should receive continuous support along the bottom 
of the trench to true grade. Pegs driven in at about 15-ft intervals will keep 
the pipe-line in true alignment. Even falls may be achieved by laying the 
pipes on a thin layer of sand or fine ashes. When back filling use fine material 
tapped along both sides of the pipe to ensure that it is continuously supported, 
sharp stones and rocks must be excluded. Continue this selected back fill 
for 3 in. or 4 in. above the pipe and then back fill the remainder of the spoil. J 

Cast-iron Pipes and Fittings. These are available in sizes from 2 in. to 
9 in. diameter with a standard length of 9 ft. Although they are much more 
expensive than other forms mentioned they are suitable for conditions which 
need great strength and resistance to leakage. § Cast-iron pipes are coated 
with a protective coating of tar-based composition, even so, special pre- 
cautions should be taken in acid soils containing sulphates, or when acid 
effluents are to be carried (in such cases, bitumen impregnated wrappings 
or vitreous enamelled pipes are used). 

Joints are made either by pouring molten lead into the joint and then 

* Soil fitting, e.g w.c., urinal, slop sink. 

Waste fining, e g. lavatory basin, bath, kitchen sink, bidet, shower. 

+ Pitch Fibre Pipes are covered by B.S.S. 2760, 1956. 

t The procedure in B.S. Code of Practice 301, Building Drainage Class 308 is suitable. 

§ C.I. pipes are covered by B.S. 437, 1211, and 78. Fittings, gulleys, traps, bends, etc. 
are covered by B.S. 1130. 

4 
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anaerobic bacteria to reduce the solids mainly to liquid (over a period sludge 
collects in the bottom of the septic tank and is pumped out at intervals). 

This sludge when dry makes excellent manure. The liquid in the septic 
tank discharges through a junction outlet to tipper troughs which dose it 
over a filter bed. The filter bed consists of graded clinker or other aggregate 
fairly large at the bottom, getting smaller towards the top, and around which 
air can circulate from air inlet pipes. A 4 gel’ forms round each particle of 
aggregate, which is composed of aerobic bacteria which purifies the septic 
tank effluent and makes it relatively safe. The effluent from the filter bed will 
smell slightly if allowed to puddle, and is conducted via a humus chamber to 
land drains; these should be spigot and socket pipes laid reversed (to dis- 
courage tree roots growing into the joints and up the pipes). The humus' 
chamber collects humus matter which precipitates out of the effluent in the 
spring and would otherwise block the land drains (humus is excellent for the 
garden). 

Rainwater Shoes and Gulleys. If the rainwater is conducted to sewers, 
then it is advisable to insert back inlet gulleys with a sealed* access plate to 
prevent any noxious ^ases which may be in the sewer coming up the rain- 
water pipe and escaping to the air at eaves level, which is too low for safety. 

If the rainwater is taken to soakaways then it is advisable to use rainwater 
shoes with or without gratings. 

Depth. Drains should be protected by 1 ft of earth, but otherwise should 
be kep^as close to the surface as possible. Excavation is expensive. If 
possible drains should run with the contours. It may sometimes be cheaper 
to run a drain beneath the building instead of round it, but this is nof always 
desirable in case of fracture of the drain beneath the building.* 

Gradients must be properly maintained throughout all drain runs. Gradient 
must be sufficient to clear the drains of solids. 

Satisfactory minimum gradients are: 

1 in 40 for 4 in. pipes 
1 in 60 for 6 in. pipes 
1 in 90 for 9 in. pipes. 

Experience also seems to justify using minimum gradients of: 

1 in 50 for 4 in. pipes 
1 in 75 for 6 in. pipes 

* Drains beneath buildings should be of cast iron, or clay ware surrounded by 6 in. of 
concrete. Pitch fibre being flexible may come into common use for this purpose. 
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where falls are restricted and where the drains are well designed and well 
laid. 

Where there is insufficient fall available never use a 6 in. pipe where a 4 in. 
pipe will do, in order that the drains can be laid at 1 in 60 (or 1 in 75). The 
increase in the size of the pipe does not increase the flow, in fact it reduces it, 
because the depth of the sewage is reduced.* 

Private Sewers (Common Drains). Where a group of buildings are in 
common ownership the sharing of private sewers shows great economy in 
layout. Where there is no common ownership then easements have to be 
granted and agreements have to be reached regarding maintenance, between 
the individual owners. Local authorities usually discourage an unnecessary 
number of sewer connections. 

Junctions of individual drains or private sewers to the main sewer is 
usually done without an inspection chamber. The exact position of the 
junction being recorded on the local authority’s plans. 

The surface- and foul-water drains may be run in the same trench (see 
p. 298). Economics can be achieved by this double manhole arrangement. 
Alternatively both drains can be made accessible fro,m the same chamber 
by putting the foul drain through a cast-iron pipe at that point with a sealing 
cover. 


DRAINAGE ABOVE GROUND TO BUILDINGS 
Materials 

Soil Stacks. These must be f trong enough to support themselves adequately 
between fixings, every 6 ft or so vertically. Cast iron is the commonest 
material used. It is painted with bituminous paint when concealed, or with 
a good paint system when exposed. Joints are made in the usual way (see 
p. 297). t 

Galvanised steel pipes are sometimes used. They are more rigid and 
lighter. They lend themselves to standardised branch assembly, but they 

* British Standard Code of Practice 301, Building Drainage, lecommends that the site 
of drams and their gradients be related to the volume of flow. Allow two thirds of a 
cubic foot per minute per 100 persons (assuming 30 gallons of water per head); maximum 
flow would be twice this amount. Surface water flow at the rate of 1$ in. of rainfall per 
hour over the horizontal area of the surface drained. 

Minimum self cleansing velocity in a pipe is 2*5 ft per second J-depth. The Code 
gi\e? volumes of flow and gradient which will give this in pipes of different diameters. 

Maximum desirable speed to flow is 10 ft per second, i.e. 6 in. drain at 1 in 9. For 
steeper falls, drop manholes or open channel ramps have to be provided. See Plumbing 
in Building by Sydney Webster (Batsford). 

f British Standard 416 specifies requisite wall thickness for different diameters of pipe, 
the nature of the coating, freedom from defects, etc. 

i • 
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pose the problem* of galvanic corrosion where branches of dissimilar metals 
are introduced.* Insulating washers are used to separate the metals. 

Asbestos cement pipes are accepted by some authorities and are satis- 
factory so long as they are protected from possible impact. They are covered 
by B.S. 582 and show economy over cast iron. They are painted with a 
bituminous solution. 

Branches. These invariably are bent in many directions to reach the 
outlet traps of the sanitary fittings. This applies especially to waste pipes 
from lavatory basins, baths, and sinks (usually 1 J in. or H in. diameter pipe) 
but occasionally the much larger 3 \ in. diameter waste from a w.c. to the 
soil stack needs to be manipulated round obstructions in lead or copper 
pipe. 

Jointing between pipes of dissimilar metal may involve the use of a 
‘ thimble ’ of stronger metal to reinforce the weaker pipe. 

Various joints are shown on p. 305. 

(a) Cast iron to cast iron described on p. 297. 

( b ) Lead to cast iron. First, a brass sleeve is fitted over the fcnd of the pipe 
(this sleeve is the strengthening thimble); the end of the lead pipe is 
turned into a rim to retain the jointing material. The joint is caulked 
with tarred hemp (gasket) and lead caulked in as before. A wiped 
joint is then made in the brass sleeve and the lead pipe. 

(c) Copper to cast iron. This is made similarly to (6), but instead of a 
wiped joint the brass sleeve is welded to the copper pipe. The brass 
sleeve strengthens the end of the copper pipe as before. 

(d) Cast iron to stoneware. The same technique as for jointing stoneware 
pipes. 

( e ) Lead to stoneware. This is the same as (b) except that Portland cement 
and sand (1 : 1) jointing is used. 

(/) Copper to stoneware. As for (r) but with a cement and sand jointing. 

( g ) Stoneware to stoneware. See p. 286. 

(/i) This shows a special type of joint which can be made a tighter fit 
making the gasket unnecessary. The taper aligns .the pipe automati- 
cally. 

(k) Cast-iron R.W.P. joint. Traditional material used in the joint is red 
lead putty, but several proprietary mastics are also available. 

Copper to copper joints may be cap Ml »ry solder, manipulative or non- 
manipulative (tightened with a spanner) described on p. 280. 

* Electrolytic action is set up between the two dissimilar metals in a similar way to the 
action which goes on in a (car) battery. Moisture has to be present for this action to 
occur. 
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Lead to lead joints may be wiped, blown, or, for connections to copper, 
a * staern 9 joint. In this case a tail or liner is coupled to the inlet of the tap, 
etc., as shown on p. 305 (left-hand illustration). 

A useful type of connection for say a li in. copper waste to a 3£ in. cast- 
iron stack which is now becoming more frequently used, is for a 1£ in. cast- 
iron boss compression fitting to be welded on to the stack (a shop operation) 
so that on site the joint is made by tightening up a nut with a spanner. One 
form of this type of joint uses a Neoprene gasket which expands against the 
sides of the copper pipe as the nuts are tightened down. For this type of 
joint it is necessary to know exactly where The waste pipes will meet the soil 
stack so that the shop-made joints can be ordered. 

Layout 

Traditional Two-pipe System. This system has been used in a vast amount 
of housing between the wars, but it has certain severe disadvantages which 
render it now obsolescent. 

A waste stack is taken from a trapped gulley at the head of the drain to 
first-floor level where it terminates in a hopper (similar to a rainwater head). 
The waste branches from lavatory basins and baths discharge into the open 
mouth of the hopper. Frequently a rainwater pipe also discharges into this 
hopper (see p. 307). 

The soil stack is a separate pipe from the manhole and continues above the 
branch to the highest w.c. as a vent pipe.* 

Whatever system is used, the waste pipe to every fitting must have its own 
trap; this prevents smells fiom deposits on the sides of waste branches, 
entering bathrooms or kitchens. For this reason this traditional two-pipe 
system is unsatisfactory, because apart from the fact that it is not as econo- 
mical as other systems, deposits on the waste stack (between the hopper and 
the gulley) do cause smells to rise from the hopper. Furthermore as so much 
pipe work is exposed, freezing up is not uncommon, especially at the hopper. 

Two-pipe System (without hoppers). This is illustrated on pp. 307 
and 309. It is a system frequently used for buildings of several stories. 

* Definitions — Waste is the water from lavatory basins, baths, sinks and bidets. 

Soil is the effluent from w.c’s and urinals. 

Foul water is the term used for either waste or soil or both, usually in a 
drain sewer. 

. Storm water is the term used for rain water from roofs or from surface 

drains. 

Surface water — as for storm water. 

Stack — a vertical pipe of say 3J in. diameter to which are connected by 
means of branches sanitary fittings. 
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mediate floor levpls is inclined to be complicated, and there are several 
proprietary prefabricated plumbing units available on the market to simplify 
this. 

Single-Stack System. If certain straightforward rules are followed it is 
possible to connect soil and wastes to the same stack without venting the 
traps. Recent research has made this method reliable. It is, for multi- 
story buildings, the most economical system of all.* 

W.C. branch entries to the stack are made below the branch entries to 
waste fittings (lavatory basins, sinks, baths, etc.), by this means the only 
problem to resolve is that of self-syphonage. 

The usual stack size is 3J in. in diameter, but this is increased to 4 in. at 
the large radius bend at the foot. This large radius reduces a pressure build- 
up at the bottom of the stack, should many fittings be discharged together. 
This condition increases the possibility of flooding fittings whose branches 
enter the stack at ground floor level (near the bend) (see Advanced Building 
Construction). Where branches join the stack the T must be ‘ swept \ that 
is, the underside of the junction must be radiused. . 

Waste branches must not enter the stack opposite a w.e. branch, as there 
is then risk that the w.c. discharge would enter the waste branch. In this 
case the connection should be made at right angles. 

Risk of self-syphonage is eliminated if (n) the water seal in traps to sanitary 
fittings is 3 in. and ( b ) if both the slope and the length of branches (distance 
between trap and stack) is limited. 

The nflnimum desirable slope of a branch is 1 in 48 for a maximum length 
of 5 ft 6 in. (1 in 24 for 3 ft, and 1 in 12 for 1 ft branches). 

Basin and bath wastes can be combined if they are remote from the stack. 
It is important to use an easy bend on the combined 1 \ in. diameter waste 
pipe. This pipe is turned buvk into the stack as a vent above the basin 
branch. The combined waste should not be longer than 1 ft. 6 in. from the 
stack to the easy bend. 

Standard fittings are available accurately made to suit these rather precise 
requirements.! 

The system described is suitable for buildings up id five storeys high. 
Plumbing for tallei buildings than this is described in Advanced Building 
Construction . 

* See Drain Pipework in Dwellings - Hydraull • Design and Performance , published by 
H.M.S.O. 

t See Plumbing in Building , by Sydney Webster, (Batsford). 
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RAINWATER DISPOSAL 
Materials 

Rainwater pipes and fittings are permitted by standards to be lighter and 
thinner than for soil systems. 

Cast Iron. Here the light grade is permissible. Joints may be left dry or 
caulked with yarn and red lead putty (this is essential if the R.W.P. is internal). 
Gutter joints (in red lead) are bolted (p. 312). 

Gutters should be laid to a fall of a £ in. in 10 ft. 

Aluminium. This material is effective, strong and light though not the 
cheapest. Pipe jointing is by the use of a bituminous compound. 

Galvanised Mild Steel. This material is inexpensive but must be carefully 
maintained and painted to resist corrosion permanently. It should not be 
used for draining roofs of other metal, i.e. copper, zinc, or cedar shingles. 

Copper, Zinc. These materials need more staying than those previously 
described. Gutters can be soldered together to form links of a maximum of 
50 ft. This limit is set because of thermal expansion. 

Asbestos-cement. These goods are very commonly used, they are rigid, 
very inexpensive and are free from corrosion troubles, though they are 
liable to fracture from impact. For this reason it is advisable to have the 
first length of the rainwater pipe from the ground in 4 soil quality ’ weight. 
Jointing may be made with yarn caulking and sand and cement. Alterna- 
tively a bitumen compound can be used. 

Lead Valley and Parapet Gutters (see p. 248). Lead has been traditionally 
used for valley and parapet gutters. The valleys are formed on boarding, 
and follow normal plumbing practice (see p. 246). Drips are provided every 
7 ft in long gutters to accommodate joints. The gutter falls at the rate of 
1 i in. in 10 ft. The drips require 2 in. The upper end of the gutter is there- 
fore much wider. The lower end should not be narrower than 8 in. between 
the slates (or tiles), to provide foot room. 4 Cesspools ' are provided at 
R.W. outlets — these are the wells formed by drips from two converging 
gutters. Parapet gutters have falls and drips in the same way. A chute is 
formed in lead, through the parapet wall to a R.W. head. Alternatively the 
R.W.P. can descend direct from the cesspool. 

SANITARY FITTINGS AND CONNECTIONS 
Materials * 

The finish of sanitary fittings must be non-porous, smooth, durable and 
easily cleaned. Of the ceramic materials available, earthenware, vitreous 

* Materials are dealt with more fully in Advanced Building Construction and Plumbing 
in Building and Plumbing Materials and Techniques , by Sydney Webster, (Bats ford). 
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Electricity* 

THE PUBLIC SUPPLY 

Electricity is produced in the power station by alternators driven by steam 
turbines or other form of power, the alternator consists of three coils inside 
which is rotated an electro-magnet, the movement of which induces electricity 
m the coils. Every time a pole of the electro-magnet passes a coil, electrical 



TIME IN SECONDS 


THREE PHASE ALTERNATING CURRENT^ j 

pressure rises and falls away within the coil, alternating in direction. The 
speed of the alternator is adjusted so that each peak in the pressure occurs 
in each coil every 1 /50th of a second. Ti." above diagram illustrates this. 
The main distribution system consists of four wires, three of which are 

* It is only appropriate here to give the broad outline of the way electricity is used in 
building. This subject is dealt with more fully in Advanced Building Construction. 
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* the phases 9 which are connected at the generating station to each coil of the 
alternator. The fourth wire is the ‘ neutral * and is solidly earthed at each 
sub-station.* 

The pressure or voltage between any pair of phase wires is 415 volts (the 
line voltage) and between a phase wire and a neutral 240 volts (the phase 
voltage). 


DEFINITIONS 

Conductor. E.g. copper or aluminium wire — a substance through which 
electricity flows easily. Sometimes it is uninsulated, as with high-tension 
transmission lines, or busbars in factory trunking, or insulated as with 
domestic or other wiring. 

Ampere. The unit rate of flow of an electric current through a conductor. 

Ohm. The unit resistance to flow of an electric current in a conductor. 

Volt. The unit pressure. f 

Watt. The unit of measurement of the rate of the use of electrical energy 
in equipment.* 

In all these definitions a circuit is implied, i.e. current flowing in a con- 
ductor. 

A useful analogy in the understanding of volts and amps is that of water 
flowing in a pipe. If a certain quantity of water is passed through a very 
large pipe, a large quantity of water (amps) can flow slowly at low-pressure 
(volts). But if a small pipe is used in order to pass a similar quantity of water 
very much higher pressure (volts) will have to be used to get the same quantity 
of water (amps) through the pipe. 

This helps to show why relatively small wires can be used to carry a large 
amount of electricity if the voltage is high. 

Relationships. Ohm’s Law states that 

Volts 

Ohms --- 

Amps 

Hence, Volts - Amps x Ohms 

This is useful when considering resistance in circuits and helps to explain 
why the voltage decreases or ‘ drops * when conductors are too long. 
Nevertheless the electricity supply authority are by statute required to provide 
electricity over specified minimum voltages. 

* It is more economical to distribute electricity in high or medium voltage, it is stepped 
down by means of transformers at substations to low voltage, 415-240 volts. 

t Volt — Electro Motive Force — E.M.F.— or Difference of Potential of electricity 
supplied to a conductor. 
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Walts are the product of volts and amps, i.e. Watts = Amps X Volts. 

Distribution. Without going into detail, the National Grid links and 
distributes the supply from power stations throughout the country at very 
high voltage (132,000 volts and over). This high voltage is broken down 
regionally by means of transformers in sub-stations to local high voltage 
distribution (11,000 volts). Local sub-stations break this down to 415-240 
volts. Schools, factories and public buildings are usually supplied with the 
four-wire distribution, i.e. 3-phase and neutral, whereas private houses are 
supplied with 1 -phase (single-phase) and neutral. Large buildings may be 
supplied direct by the high-voltage distribution (11,000 volts) through a 
private sub-station. 


SERVICE ENTRY AND DISTRIBUTION BOARD 

Supplies to smaller buildings (say 240 volts) may come from overhead or 
underground cable 1 ?. (The latter will probably become more common.) 
The incoming cables are lead to the ‘ Distribution Board \ Tflis is usually a 
wooden board to whiejh are fixed (in the order in which the current passes 
through them): 

(a) Sealing Chamber (underground supply) where the end of the cable 
is sealed from moisture. 

(b) The Electricity Company’s fuse on the live (phase) wire. 

Vc) The Meter. 

(d) Consumers’ Service Unit. This contains the main switch from which 
are led busbars (copper-bar conductors) to the fuseways supplying 
the various final circuits. The fuseway is a gap in each of these cir- 
cuits which is bridged b) a clipped-in fuse cartridge. 

It is important that the fuse to each final circuit is weaker than the wiring 
in the circuit it protects. 

A typical schedule of fuseways would be as follows: 


Cooker 

30 amp 

Ring main No. 1 . 

30 afnp 

Ring main No. 2 . 

30 amp 

Immersion heater 

10 amp 

Lighting No. 1 

5 amp 

Lighting No. 2 

5 amp 

Spare way No. 1 . 

— amp 

Spare way No. 2 . 

— amp 


E.B.C. Y 
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Earth. If a fault should develop in any appliance, e.g* the live (phase or 
4 line ’) comes in direct contact with the casing or structure, there must 
be a ready and ample path for the current to return to earth — rather than 
through the body of anyone who may happen to touch the casing of the 
appliance. 

This is provided by connecting an earth wire to the structure of all metal 
appliances. It is taken back to the distribution board where it may be 
connected (via a collecting busbar) to: 

(a) A rising metal water main, though not all water companies will 
approve this, especially if there arc sulphates present in the ground, 
or there are local earthing peculiarities, or 

(b) the supply company’s earthed cable sheath, and/or 

(c) an earth leakage circuit-breaker (* trip switch ’) which will im- 
mediately open a switch in the circuit if there is any lack of balance in the 
circuit, i.e. if current starts to flow in the earth wire. These give added 
protection to normal circuits in certain areas (e.g. infants’ schools 
and houses). They are mostly used where earth conditions are poor, 
when they must be provided with an earth (e.g. copper rods or buried 
plates) and they must be tested regularly — a jammed trip switch 
could be dangerous. 

Ring Main. This is now the recognised method of supplying socket 
outlets (for radio, fires, floor lamps, cleaners, etc.). The outlets have a maxi- 
mum rating of 13 amps. The plugs which fit them each contain a 4 i3-, 7- or 
3-amp fuse selected to protect the appliance the plug serves, e.g. 3 amp - 
light, 7 amp — toaster, 13 amp — large electric fire. 

The ring main consists of a pair of conductors (and earth wire) which 
start at a 30-amp fuseway in the consumer unit, travels round several rooms, 
being connected to several socket outlets on the way; they then return to 
the same fuseway. Current can therefore reach each outlet from two 
directions, which very much reduces the chance of over-loading in any part 
of the circuit. The drawing on p. 325 indicates a typical arrangement. 
(Only a few fuseways are indicated for the sake of clarity.) 

There are certain rules to be observed when installing a Ring Main: 

(1) Maximum number of 13-amp socket outlets is 10, except in houses 
and flats where there may be an unlimited number of socket outlets if the 
ai;ea is less than 1,000 sq. ft. 

(2) Spurs may be taken from socket outlets on the ring main- -maximum 
2 per spur (see drawing, p. 325). 

(3) The ring main wiring should not be cut when making connections to 
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socket outlets; instead, sufficient of the insulation should be removed, and 
the wire ‘ looped-in * to the terminal. 

Ordinary Sub-Circuits. When using 13-amp socket outlets with fused 
plugs, on ordinary sub-circuits, i.e. not a ring mains, regulations permit a 
maximum of 6 outlets on one sub-circuit. If only 2 outlets are required, the 
fuse in the consumer unit must be 20 amps; if over, then 30 amps. 

Distribution of Socket Outlets. Generally, far too few socket outlets arc 
provided, which results in the dangerous practice of using adaptors to 
provide additional outlets. A list should always be prepared of all the equip- 
ment likely to be used so that sufficient outlets can be provided.* 

Socket outlets must not be provided in bathrooms or in other damp-prone 
locations. Many deaths have been caused, for instance, by people in baths 
touching faulty electric heaters — when the bath plumbing provided a better 
route to earth than the heater's earth wire. Socket outlets should not be 


sited close to taps in kitchens, garages, etc. 

Damp concrete solid ground floors are dangerous, as they provide a fine, 
tempting earth through people touching faulty equipments 
Cookers are usually permanently wired through a switched cooker control 
unit to a 30-amp fuseway in the distiibution board. Immersion heaters are 
often similarly wired through a switch to, say, a 15-amp fuseway for a 
3 kW heater, t 

Refrigeratois and washing machines aie often served througn a spur box 
with a fuse cartridge from a ring main. This is a more satisfactory arrange- 
ment than through plugs and socket outlets.? * 

Lighting Points and Circuits. Because of the small load usually carried, 
lighting circuits most often consisl of a pair of conductors (tw in cable) from 
a 5-amp fuseway in the consumer unit. (The maximum load normally per- 
mitted is 15 amps, i.e. 15-amp fuse and cable.) 

With a 5-amp fuse, assuming 100-watt lamps (240 volts), the maximum 
number of points would be: 


5 x 240 

“Too - 


12 points. 


* Sec p. 28 riectticity in Building by A. L. Osborne, (Batsford). 
t Post War Budding Study , No. 11. 4 Electrical Installations * teeommends, that socket 
outlets should be located 9 in. above floor (minimum 5 in.), except in kitchens where 
they should be 4 ft 6 in. 

t 1 kW = 1,000 watts. With a voltage of 240, the fuse necessary is calculated as 


follows:-- 


3,000_watts 
240 volts 


12 *5 amps. 


therefore a 15 amp. fuse and wiling is adequate. 

$ Electric Wiring ( Domestic ) by F. Moiloy, (Newncs), illustrates many fittings and 
wiring techniques. 
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Thus a small house with, say, 18 points would have 2 lighting circuits 
each using a 5-amp fuse in a fuseway in the consumer’s service unit distribu- 
tion board. 

There are several methods of wiring lighting points: 

(a) Looping-in, using 2-plate roses. 

(b) Looping-in, using 3-plate roses (probably the best). 

(c) Looping-in, using 3-terminal switches. 

(d) Joint box method. 

These methods are described in detail elsewhere, but whichever is selected 
it must satisfy the following: 

(a) The switch must be on the live (phase) wire so that the lamp-holder is 
dead when the switch is off. (The Supply Authority may refuse to connect 
an installation where the lampholders are directly connected to the phase 
wire.) 

( b ) There must be not less than one final sub-crcuit per 1,000 sq. ft. 

(r) Ceiling pull switches only are used in bathrooms and similar earth- 
dangerous locations. 

Wiring Systems, (a) Steel Conduit. In this system, stcc.1 tubes or conduits 
are fixed wherever wiring is neeeded, the wires being drawn through. As the 
conduit is itself the earth continuity conductor, and is earthed at one end, 
so much depends on the method of jointing. The best work is done in heavy 
solid drawn conduit with screwed joints. There are lighter grades of conduit 
—with welded, brazed or merely close-jointed seams. Joints can be made 
b) meaiTs of grip screws in sleeves. 

Vulcanised India Rubber (V.I.R.) insulated cables or P.V.C. insulated 
cables are drawn through the conduit. Many steel fittings arc available for 
forming junction ceiling outlets, socket outlets, switch points, etc. 

Conduit is traditionally regarded as a high quality job, and has the 
advantage that it can be laid in floor screeSs and it protects wiring from nail 
damage in walls. It is, however, susceptible to corrosion from external 
dampness and condensation with consequent loss of earth continuity. But 
it does permit rewiring to be carried out, thus providing a flexible installation 

</>) P.V.C. Conduit . This has many of the virtues of the last method. 
Earthing is provided by an earth wire. There is no risk of corrbsion, though 
it may soften in high temperatures. It is not so resistant to nail damage. 

(c) M.I.C.S. (Mineral Insulated Copper Sheathed). An extremely reliable 
system with an indefinite life, in which the single-strand conductors, 
surrounded by highly compressed insulating mineral, are carried in a rela- 
tively small bore copper tube. Connections to junctions, etc., involve rather 
an elaborate technique using a compressed plastic waterproof compound 
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which prevents waiter getting at the mineral insulator. The cable can be 
used in the most difficult conditions— water, corrosive atmosphere, heat, 
inflammable vapours (e.g. garages). 

If it is cast into screeds, it does not provide the same degree of flexibility 
as good conduit. 

(d) P.V.C. {PolyvynyUCh loride) sheathed and insulated cable is satis- 
factory where the wiring can run freely in ceiling spaces and in studding. 
Where it has to run in chases down walls, it should be protected against nail 
damage with metal channelling or conduit. Structural movements, e.g. 
loose floor boards, have been known to damage this type of loose wiling. 
Renewing or altering wiring involves taking up floors, and opening up the 
structure. 

< e ) Polythene . This provides serviceable sheathing and insulation as for 
( d) f but becomes softer at lower temperatures — which may be caused by 
overloading, or externall). Cheaper than P.V.C. 

(/*) T.R.S. {Tough Rubber Sheathing ). Similar to {d) and (e) and is used 
a great deal for agricultural work. It should be kept away from ultra- 
\ iolet light (sun) as this causes deterioration. 

(g) Lead Sheath. V.l.R. insulated cables may be covered with a lead-alloy 
sheath. These metal sheaths must be bonded together throughout the in- 
stallation by means of bonding clamps on each junction, etc. Kinks in the 
cables may damage the lead and break the continuity. Wet plaster and 
alkaline atmospheres are deleterious. 
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Plastering 

For internal use there are five main types of calcium sulphate (gypsum) 
plaster. These may be mixed with sand or gauged with cement or lime. 
Plaster may also be made with lime (ealemm hydroxide) on its own, which 
is the traditional form of plaster. 

Both gypsum plaster and lime plaster should not be used externally as 
they are slightly soluble in water; instead, cement and sand is used. 

Jn addition to plastering walls and ceilings the plasterer screeds concrete 
floors to provide a smooth surface for floor finishes. 

INTERNAL PLASTERING 

« 

Gypsum. Deposits arc found be! ween certain sandstones and marls in 
Staffordshire, Derbyshire, Nottinghamshire, Sussex and North Lancashire. 
The gypsum is factory-processed and bagged for sale.* 

Trace impurities make the plaster pink or grey, but the coloring does not 
affect the properties of the plaster. When sulphate plasters set they expand 
slightly. (On the other hand, lime plasters contract slightly on setting.) 
This slight expansion has the virtue that it reduces cracking durirtg drying 
out. The strength of a 1 ; J plaslei/sand mix is about the same strength 
as a 1 : 3 Portland cement/sand mortar.t 

Generally, anhydrous plasters give harder finishes than the hcmihydiate 
groups. 

In most cases hemihydrate piasters adhere better to smooth backings, 
e.g. plaster-board and smooth concrete 

Partial wetting of a plaster is dangerous, as the setting of some of the 
plaster may be delayed, which may cause disruption. As calcium sulphate 
is soluble, damp conditions will cause eventual deterioration. 

i 

* Naturally occurring calcium sulphate (CaS0 4 2H 2 0) is heated at the factory to drive 
off some of the water to foim cdlcium sulphate hemihydrate (CaS0 4 IH z O). This hemi- 
hydrate will set in the preset ce of water to become CaS0 4 2H 2 0- the oiiginal calcium 
sulphate. This setting piocess is used by the plasterer. 

't Anhydrous calcium sulphate (CaS0 4 ) is taken a stage further in manufacture, all the 
water being driven off. 1 Inis: — 

* Hemihydrate ’--with ‘ half* a molecule of water. 

‘ Anhydrous no molecules of water. 


330 



INTERNAL PLASTERING 


331 


Some calcium sulphate plasters will corrode metal lathing because of the 
presence of soluble salts or acids, e.g. accelerated anhydrous plasters. Lime 
helps to inhibit corrosion. It is usual either to render metal lathing first 
with cement and sand (allowing this to set for at least twenty-four hours), 
or to paint the lathing thoroughly with a bituminous paint before applying 
the plaster. 

Cement. Cement can be used for internal renderings. It is most useful 
in damp situations, as it is insoluble, and where strength is important, it is 
heavy to apply and difficult to trowel unless a small amount of plasticiser 
is added to the mix. The plasticiser acts as a ‘ wetting agent ’, and makes 
the mix more ‘ buttery ’ and easier to apply. A satisfactory mix is 1 : 6, 
ccment/sand with plasticiser, without which a 1 : 4 mix would be more usual. 
The alternative is to gauge the mix with lime, i.e. 1 : 1 : 6 or 1 : 2 : 9, cement/ 
lime/sand. 

Sand. Sand must be clean and well graded. It must be free from iron, 
coal-dust, mica, shale, ikky material, salts, vegetable or animal impurities 
and clay. Rough tests can be made with a magnifying glass, by rubbing the 
sand between the fingers to see if it balls too easily, and by. shaking samples 
with water in a glass jar. In this case, sand will settle quickly and a layer 
of silt will appear on the top surface of the sand — this occurs in about 
fifteen minutes. After an hour the clay will have slowly settled out and the 
water will still look dirty.* 

Water. Water should be drinkable, i.c. free from salts and other 
impurities 


Classes of Gypsum Plasters 

There arc five main classes of gypsum plaster, the last (Class ‘ E *) being the 
naturally occurring * anhydrite \ It is important to know the difference 
between the classes, and it is dangerous to mix them. 

Class ‘A’ — Plaster of Paris. This planter must be used in small batches 
because it sets quickly. It is useful for stopping and repair work, used either 
neat or with the addition of lime (gauging). It is used in the proportions 
J-l : 1 plaster/lime, with or without sand. It should be trowelled as little as 
possible.t 

* British Standard 1198-U99 and 1200 of 1944, incorpo T ated in British Standard 882 
National Building Studies Bulletin , No. 7, ‘ Sands for Plaster, Mortars and External 
Renderings * (H.M.S O ). *► 

‘ Sands for Plasters, Mortars and Renderings,' Ministry of Work's Advisor } Leaflet , No. 
15. 

Builders Materials , by B. H. Knight (Edward Arnold). 

1 Makes: Plaster of Paris; Gauging Plaster; C B. Plaster. 
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Class ‘ B 9 — Retarded Hemihydrate Gypsum Plasters. These plasters must 
be allowed to dry out quickly. They must not be knocked up or retempered 
after they have started to stiffen. Class * B * plasters usually contain a re- 
tarder which slows the setting down to give sufficient time for mixing and 
application. Addition of lime will accelerate the set. Too much water with 
the finishing coat will spoil the work. For undercoats use a 1 : l$-3 plaster/ 
sand mix. The amount of sand varies according to the background; for 
instance, absorbent brickwork will require more sand in the mix than for 
plaster-boa **d or concrete. Class ‘ B * plasters can be used in some cases 
for metal lathing as an undercoat to a gauged lime finishing coat. The mix 
used for the undercoat is £-1 : 1 plaster (unhaired)/lime, with sand if 
appropriate. 

Alternatively, Class ‘ B ’ is used as a finishing coat only in two- or three- 
coat work. Then it is used neat or with the addition of lime up tc l/3rd part 
of the plaster. It can be used for single-coat work on concrete, gypsum 
plaster board or insulating fibre board, when no lime is added. Plasters 
used for work* on plaster-board or insulating board single-coat work, have 
low expansion characteristics on setting, and are used peat with no additional 
lime. 

Other varieties are dual-purpose, i.e. they can be used for both undercoats 
and finishing (these should not be used mistakenly for single-coat woik) 
and are used in the same wav as the undercoat and finishing coat types. 

Yet other varieties of this class are manufactured specially for application 
to smooth concrete surfaces either as preparatory work or as a finishing 
coat, and in this case they aie used neat. 

Acoustic plasters (of this class) are used with an aggregate as a finishing 
coat to give additional sound absorption, and are also used neat.* 

Class 4 C ’ — Anhydrous Gypsum Plasters. These piasters set slowly and 
should not be allowed to dry too quickly. Some harden sometime after the 
initial set. These plasters can in fact be retempered within an hour of mixing. 
They have rather poor bond to plaster board or fibre board backgrounds 
and should not really be used for this type of work. Their usefulness lies in 
the fact that the surface can be worked over after the initial set has taken 
place. 

The undercoat type is used with sand with or without lime in the 
proportions 1:1-2 pLstcr/sand (the sand proportion varies with the 

* Makes: Adamant; Adamantine; Aegrit; Battle-axe; Bclpitc; Carlisle Hard wall; 

Pa^pitc; Gothite; Granite; Gypstone; Keenapco; Murite; Napco; Paristone; 
Pytho; Scignioritc; Silver Seal; Sirapite Board Plaster; Sirapite Browning; Sirfix; 
Thistle. 
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background). Alternatively it can be used in the proportions 2:1: 5-6 
plaster/lime/sand. 

For finishing coats in two- or three-coat work it is used neat or with the 
addition of lime up to l/3rd part of the plaster. It can be used with lime in 
the proportions 1-1 : 1 plaster/lime with sand if appropriate. There is also 
a dual-purpose type made, the proportions being the same as for undercoat 
and finishing-coat types.* 

Class 4 D ’—Keene’s or Parian. These are like the Class 4 C * plasters 
and, in the same way, they should not be used directly on building boards, 
a difference being that for finishing-coat work they are invariably used neat.t 

Class 4 E ’ — Anhydrite Plaster. This is made as a dual-purpose plaster. 
Sanded undercoats are mixed in the proportions i : \ \ plaster/sand. Jt is 
used neat for finishing coats cither in two or three applications, and for 
single-coat work on concrete or boards. No lime should be added to the 
mix, and once again the mix should not be retempered after one hour from 
mixing. 

Background. This affects the choice of plaster. Porous bricks or blocks 
provide a reasonable surface for plaster so long as it is not too strong, i.e. a 
1 : 3 cement/sand mix. 

Dense concrete is difficult to plaster if the surface has been ‘ polished ’ 
with a trowel. In such cases, a splattered coat of cement and sand on the 
concrete first will help adhesion. 

Rich mixes should not be used on metal lathing as they distort it. A 
common mix is cement/lime/sand 1 : 2 : 8. 

Plaster boards and fibre building boards have special plasters made for 
use with them. Lime should be excluded from the mix as it has a bad effect 
on adhesion. Two-coat work with sanded gypsum plaster for an undercoat 
is satisfactory, or a single coat of neat gypsum piaster, e.g. ‘ no-setting- 
expansion quality ’ Class 4 B ,* or alternatively, dual-purpose Class 4 E.’ 

lime Plasters. Lime for plaster is produced by 4 burning ’ chalk, calcium 
carbonate, in a lime kiln. 

CaCOg - CaO + CG a 

Calcium carbonate — calcium oxide (lunc) 1 carbon dioxide. . 

The lime (quicklime) reacts with water very readily producing heat and 
carbon dioxide gas. This forms calcium hydroxide, and is what happens 
when the builder slakes quicklime on the site to form the putty for plastering. 

* Makes: Sirapite; G las tone; Statite; Victorite; Xelite. 
t Makes: Keene’s; Parian; Astroplax; Pixie Keene’s; Superite. 



334 


PLASTERING 


This used to be seen frequently not so long ago, but is now# hardly ever seen 
owing to the increasing popularity of gypsum plaster. 

The calcium hydroxide is plastered on to the walls, dries out, and over the 
course of time carbonates slowly back into calcium carbonate — the original 
compound. This carbonation only occurs on the surface exposed to the air. 

Ca(OH) 2 4- COjg - CaC0 3 + H 2 0 

Calcium hydioxiile i carbon dioxide = calcium carbonate 4 water 

It will be seen from this that water is produced during carbonation which 
tends to harm decorations applied to lime plaster for a month or more after 
application. 

• Limes are classified according to their clay content. When they contain 
no clay at all they are known as 4 fat ’ limes and these slake rapidly. On the 
other hand, limes containing clay up to 35% arc known as ‘hydraulic’ 
limes and take a long time to slake. They set much more rapidly and are 
virtually hard at the end of one month, whereas a fat lime may take very 
much longer. • 

Hydrated lime is available in bags and is now commonly used in preference 
to slaking on the site. It is principally used for gauging mortar (i.e. mixing 
with mortar). 

Plastering on Plaster Board and Insulating Fibre Building ^oard. The 

traditional base for plastering in the past has been timber laths, but these 
have been almost entirely superseded by plaster boards produced to receive 
skim coats of plaster, and insulating boaid which is a soft fibre boSrd with 
insulating properties. 

These sheet bases are most often used when a plaster finish is required to a 
timber framework, e.g. timber joist ceilings, stud partitions. 

Plaster Board. r i his consists of a gypsum plaster core, either | in. or $ in. 
thick, covered by a tough sheet of paper on each side.* 

Fixing. Plaster board is fixed by means of galvanised or sherardised 
plaster-board nails 1} in. by 14 s.w.g.; they are spaced at 6 in. centres, 
and a space of ^ in. js usually recommended to be left at the joints to receive 
filler. The nm'K are dri\en slightly below 7 the surface but without breaking 

There aic sc\eral minor variations of plaster board, e.g.: 

Plaster Base Board , 1 in. thick and from 36 in. -f 28 in. to 36 in. *f 54 in. 

Plaster Ixith, Jj in. thick ^nd 16 in. wide, from 32 in. to 54 in. long. 

Plaster Wall Board , £ in., § in. and I in. thick, 2 ft, 3 ft and 4 ft in width, and in 
length varying from 6 ft to 12 ft. The board is supplied one side for plastering 
and the other side for decoration direct. 

Insulating Plaster Board has a sheet of bright aluminium foil added to one side to 
increase reflective insulation (to be effective this bright surface must always be 
fined adjacent to an air soace). 
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the paper, the joints may then be filled with a ‘ stoppc^ ’ or 4 filler 5 and 
covered with thin linen scrim. This scrim helps to reduce cracks forming in 
the finishing coat of plaster over the joints. 

f-in. boards should be fixed to studs or joists at centres not greater than 
16-in. centres; £-in. board fixing centres can go up to 2 ft. Jointing tech- 
niques vary and manufacturers’ recommendations differ. Most manufac- 
turers produce plaster wallboard with tapered or recessed long edges to 
receive stopper, reinforced paper (perforated), and a finishing slurry. The 
joint should be unnoticeable when complete Another variation is a feathered- 
edged paper tape which is stuck straight ove* the stopped joints, the tapering 
on the edge of the paper being such that the joint is difficult to see when the 
tape is properly applied. 

Plaster Finishing. As an alternative, plaster boards may be finished with 
one- or two-coat work. For one-coat work, neat finishing plaster is applied 
and brought to an even surface not more than $ in. thick. When the plaster 
has almost set it receives the final trowelling; the plasterer may use his water 
brush to moisten the surface a little if necessary, but too much will 4 kill ’ 
the surface producing a white dust when the plaster has dried out. Over- 
polishing with the trowel may have a bad effect. 

For two-coat work a 1 : \\ haired browing plaster/clean sharp sand may 
be used. This is applied with a trowel fairly quickly and 4 ruled off ’ with a 
straight-edge (by moving it from side to side over the surface to even it out), 
to a thickness of about I in. Before this has had time to set, it is roughened 
(with a short batten with nails driven through to form a rough comb) to 
provide a key for the finishing coat. This finishing coat is, as before, neat 
plaster applied with a trowel and finished when the plaster has almost set. 
The thickness of the two coats should be about \ in. 

If in the life of the finished plaster board there is likely to be large variations 
in humidity there is a danger of movement, causing cracking in the surface 
of the finishing coat. Structural movement can cause serious cracking. The 
joists must be stiff enough to prevent undue movement, and the studs must 
be strong enough and properly nogged to resist induced stresses. 

Insulating Board. Insulating fibre boards are often fixed and left un- 
plastered, but concealed fixing techniques aie relatively expensive, and in 
order to hide nail heads and joints, a finishing of plaster is sometimes 
specified. 

If the boards are too wet when plastered, their shrinkage on drying may 
crack the bond between board and plaster. If they are too dry, they tend to 
suck too much water from the initial application of plaster. The boards 
must be dampened slightly before application. The joints, corners and 
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angles are then reinforced with galvanised wire mesh, 3 in. wide, embedded 
in the plaster and fastened, if necessary, with a few galvanised staples. For 
the large sheets (8' x 4', etc.) a & in. finishing coat of neat plaster is 
satisfactory.* 

Insulating board must either be plastered or must have the joints adequately 
‘ expressed \ i.e. covered by a strip of aluminium, plastic or wood, or bevelled 
to form a V joint. The joints cannot otherwise be satisfactorily concealed. 

Insulating board, once again, is sensitive to changes in humidity and it is 
important to fix the boards adequately. 

Fixing. Battens, studs, joists or rafters should be spaced at 12-in. or 
16-in. centres for 4 ft wide sheets, and 12-in. to 18-in. centres for 3 ft sheets 
(i-in. wall boards ; J in. should be left all round. It is advisable to rest the 
sheet to be fixed on a piece of plank against the wall, then to nail along the 
top, then down the centre and finally down the sides and along the bottom. 
Nails round the edge should be at 3-in. centres and elsewhere at 6-in. centres. 

PLASTERING TECHNIQUE 

Rendering. The first ctoat applied to concrete, brick, or stone walls is termed 
‘ rendering \ Its object is to fill in hollows in the surface ready to receive 
the floating coat. The rendering coat can be dispensed with if the brickwork 
is accurately laid, or the concrete is reasonably true and even. 

To a lath surface this preparatory coat is termed the ‘ pricking-up coat \ 

The surface to receive this preparatory coat must be rough and absorbent 
to help adhesion. Smooth surfaces should be hacked before the application 
of the plaster. Particularly difficult patches, i.e. large smooth stones, may be 
‘ strapped,’ i.e. T X V creosoted wood fillets or strips fixed to plugs in the 
wall; this aids the mechanical key of the plaster to the surface. 

Before the rendering sets, it is scratched # with a comb made of large nails 
or pointed laths. 

Floating Coat. The object of this coat is to provide a true surface to 
receive the finish. For this purpose wood rules are fixed to all external angles 
and at up to 10 ft centres, being kept perfectly vertical anti in the same plane 
one with another. The plaster is then trowelled on, and all superfluous 
material struck off with a long straight-edge known as a Derby float. This 
float is kept pressed against the rtiles and is moved from side to side upwards. 
The surface thus produced is scratched with a nail comb or bass broom to 
form a key for the setting coat. 

* Plaster Base Boards (fibre) in similar small sizes as Plasterboard base (p. 334) need 
angles and corners reinforced with wire, but not the joints between the individual boards. 
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Setting Coat The floating coat then receives a setting coat -ft- in. thick. 
Just before the plaster sets it is polished to an even surface with the trowel. 

Grounds. It is usual to fix to the brick or blockwork, where the skirtings 
and architraves are to be fixed, rough grounds of timber which form in 
effect bottom rules for the floating process. The architraves and skirtings 
are then nailed to these grounds. 

Two-coat Work. This is the most usual specification for even concrete 
and well-laid brick- and blockwork; the evenness of the background makes 
the rendering unnecessary. As in all plastering work, the background, i.e. 
bricks, blocks, etc., must be free from dirt, grease, dust and friable material. 
The courses of brickwork should be raked to provide additional key and if 
possible 4 keyed ' bricks should be used. These bricks have grooves let into 
the stretcher faces which makes for much more reliable plastering. The 
floating and setting are carried out as described before. 

One-coat Work. This is suitable for application to plaster boards, insula- 
tion boards and other exceptionally true surfaces. The ft -in. setting coat is 
applied only, as before. 

EXTERNAL CEMENT RENDERING 

Functions. External cement renderings usually require the following char- 
acteristics: (a) attractive appearance and colour; (b) durability; (c) resist- 
ance to moisture penetration; ( d ) frost resistance; (e) uniform weathering. 

Appearance depends upon choice of finishing technique, e.g. roughcast, 
pebble-dash, machine applies, scraped textures. Colour is supplied usually 
by employing coloured cements or by incorporating coloured aggregates in 
the mix of the finishing material. 

Durability depends upon the degree of adhesion of the rendering to the 
background over the whole of the surface, and the detailing of sills and 
copings, the composition of the mix and the standard of the workmanship. 

Water will penetrate a wall far more readily if it contains hair cracks 
(i.e. a strong rendering that has crazed) than it will through more absorbent 
and resilient rendeiing. 

Frost resistance will depend upon whether or not the rendering will be 
saturated in any part during frost. This can be controlled by proper detailing 
at damp courses, sills and copings. 

Uniform weathering depends upon texture of the finished surface, the 
amount of pollution in the atmosphere and the amount of overhang to sills, 
copings, etc. 

Background. Dense, string, smooth surfaces, e.g. concrete. Key must 
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be provided to these surfaces by means of a splatter-dash of 1 : 2 cement/sand 
mix, or by the application of proprietary bonding fluid, alternatively the 
surface may be hacked to provide a mechanical key. It is perhaps most 
satisfactory to arrange for a key to be cast into such surfaces to be rendered 
in the formwork, by, for example, the use of dovetail ribbed rubber formwork 
lining sheets. 

Strong Porous Materials , e.g. clay, bricks and some concrete blocks. 
Here the joints should be raked out, to the depth of at least J in. Care is 
required to make sure that no air pockets are left between the rendering and 
the background. 

Weak Porous Materials , e.g. blocks or lightweight aggregate concrete. 
Here, weaker rendering mixes are necessary; if the rendering is too strong 
it likely to fail on such surfaces. 

Non-fines Concrete . This provides a first-rate key. 

Weak Resilient Materials , e.g. wood-wool building slabs. So long as the 
area to be rendered is kept small and the edges are left unrestrained, rather 
strong rendering should be used which bonds very well with the slab and 
concentrates movement at the edges rather than at the centre of the panels. 
Bitumen-dipped galvanised wire further reduces likelihood of surface crack- 
ing. 

Overhangs. It is usually recommended that sills, copings, eaves, etc., 
should overhang rendering for protection. If this is overdone in industrial 
areas, grime will accumulate under these overhangs to a lme where the rain 
can read? the surface to wash it. But it is essential that the top edges of 
renderings should be adequately protected, and copings themselves should 
have throatings to throw the water clear from the upper edge of the rendering. 
There should always be a damp-proof course under copings to prevent the 
penetration of water into the brick or block background. This damp- 
proof course should project slightly over the edge of the rendering. Down- 
pipes and gutters should be arranged sr that overflowing cannot discolour 
and damage the renderings. 

Preparation. The surface must provide a good key for the first coat of 
the rendering and so it should be free from paint, oil, dust, dirt, soot, or 
friable material. Soft mortar in old brickwork should be raked out to J in. 
Any material likely to disintegrate should be covered with stout bitumen- 
coated metal lathing securely fixed. Any timber to be covered by the render- 
ing should be treated with a wood preservative.* 

If the background is very porous and has a great deal of suction it should 

* It need hardly be said that to render timber or disintegrating material is only a 
temporary measure, and cannot be regaidcd as good construction. 
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be damped sufficiently, but no free water should be left the surface. If 
the weather is too dry it is inadvisable to work. Start on the shady side of 
the building first and work round towards the sun. 

Application. Where exposure is severe, three-coat work may be necessary, 
but normally two coats are satisfactory. 

The first coat, i.e. straightening coat, should not exceed £ in. or be less 
than J in. A floating rule is worked over the surface which is then surface- 
combed.* If a machine is used for applying the finishing coat, then the 
combings should be omitted. 

Coats should be left to dry out for as long as possible so that initial 
shrinkage can take place before subsequent coats are put on. 

The final coat depends on the texture required, but should be not less than 
i 3 (s in. and not more than in. Protect renderings from frost, rain and drying 
winds. 

Textures. Smooth Finish . Smooth rendering should never be left un- 
derrated, but if finished with a wood float it can be decorated with two 
coats of external grade emulsion paint with excellent results. 

Roughcast. The straightening coat may consist of 1 : 1 : 6 cement/lime/ 
sand mix, or a l : 6 cement/sand with plasticiser. This is combed for key 
and left to dry out. A wet plastic mix is then made of 1 £ parts cement, £ part 
lime, 2 parts of shingle or crushed stone and 3 parts of sand. *The stone may 
vary from £ in. to £ in. (depending on the texture required). This is made 
into a wet mix which is thrown on to the wall with a hand scoop or laying-on 
trowel. Coloured cements may be used. As with all textured finisnes much 
depends on the skill of the operative. 

Machine Applied Finishes . Special paddle-wheel machines are available 
which * flick-on ’ the mix when a handle is turned. This produces a Tyrolean 
type finish which is built up often in two or three applications. If too much 
is applied at once the texture is spoilt. Proprietary mixes may be used, in 
which case the manufacturer’s directions should be followed. 

Scraped Finish . Some hours after the application of the rendering the 
surface may be scraped with an old saw blade in order to remove the laitance 
and expose the larger pieces of aggregate. The final result depends upon the 
colour and tfexture of the aggregate. 

* Indentations resulting from combing should be | in. apart and not more than { in. 
deep. 
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OBJECTS 

The principal objects of painting are for preservation, decoration and 
hygiene. 

Preservation. Timber used externally in particular, is constantly adjusting 
itself to changes in the climate of humidity. It shrinks on drying and expands* 
when its moisture content increases. This produces warping, twisting and 
cupping (see p. 137). Jt is therefore necessary to seal as far as possible the 
surface with a paint system to reduce the moisture movement. Paint will 
reduce chance of infection from fungus and reduce the incidence ol attack 
from beetle. 

Most metals deteriorate by corrosion unless protected by a suitable paint 
system. Other surfaces, such as plaster and fibre board, need the protection 
provided by a film of paint, against abrasive damage. 

Decoration. Colour and light reflectivity are obvious aspects of painting 
and decorating. 

Hygiene. Many painted surfaces must be able to withstand repeated 
washing. High-gloss paint is often best able to withstand this treatment, 
but modern eggshell and matt paints are reasonably good in this respect. 

COMPOSITION 

Paints usually contain the following: "Pigments, Medium, Thinner and 
Drier. 

Pigment. This colouring matter is p r ovided in the form of a fine powdei 
and gives the paint ‘ body \ It can be opaque or consist of transparent 
dyes used in conjunction with opaque pigments. 

Pigments arc provided mainly from metallic sources, e.g.'lead (white), 
producing an elastic film which will expand and contract with the base as 
the temperature changes — a useful characteristic; zinc oxide produces a hard 
and inelastic film which may become bi itile and crack and is more suitable 
for interior use. Both lead and zinc oxides discolour in industrial atmo- 
spheres, lead turning to the black sulphide, zinc turning to a sulphate which 
is soluble in water; titanium, a mixture of titanium oxide and barium sul- 
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phate has extraordinary spreading power, but is not altogether satisfactory 
used externally, unless mixed with other pigments. 

Medium (Vehicle, Binder or Varnish). This is the binding material in the 
dry paint film and gives characteristics of penetration into the surface and 
adhesion thereto; it seals the surface of the background. It may consist of 
linseed oil, or natural or synthetic resins. 

Thinners. This is an ingredient of the paint which evaporates during 
drying and makes paint suitably liquid in the tin for application. The 
amount in the paint has a bearing on the degree of gloss of the finished paint 
film. Turpentine and petroleum spirit are common thinners. 

Driers. Paints usually dry by oxidisation and these help to speed up the 
, natural oxidisation of the medium. If the paint contains too much driers, 
cracking and crazing may result. 


PRIMERS 

Wood. Primer should penetrate the wood and provide a good key for 
subsequent coats. It contains an excess of oil and a pigment which dries 
readily, e.g. red lead. It may also be made from white lead, linseed oil, 
turpentine or white spirit. White lead combines very well with linseed oil 
and is very suitable for wood priming. Aluminium primer^ are good for 
external work. 

Ferrous Metals. It is thought that these metals corrode by electrolitic 
action in the presence of moisture. Current will flow over the surface of the 
metal in the moisture film and return within the body of the metal. Normal 
metal paint systems will stop the flow of current over the surface of the 
metal (by eliminating the moisture film). If the paint film is scratched corro- 
sion usually spreads under the paint film as the ‘ circuit ’ is not broken by the 
paint film. Some special pigments, e.g. calcium plumbate will break the 
circuit and prevent corrosion spreading under the film. 

Primers for ferrous metals must adhere firmly to the surface, other examples 
aie red lead, red oxide, zinc chromate and metallic aluminium. All mill 
scale, rust, dirt and grease must be completely removed from the surface of 
the metal before the application of the primer. 

All primers will deteriorate if exposed for too long and should be under- 
coated as soon as possible. 

Hardboard. Special primers are available which will not sink into the 
surface — which results in bad brush marks and laps. A primer which 4 sinks ’ 
too much will cause failure of gloss in the finishing coat. 

Aluminium. Qualities of adhesion will be affected if the primer contains 
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pigments which r^act with the metal, e.g. red and white lead. Zinc chromate 
is satisfactory. 

P.V.A. Emulsions. These paints act as their own primers when suitably 
thinned and will adhere to surfaces which would otherwise be difficult \o, 
paint, e.g. new plaster, cement rendering, asbestos cement, asbestolux 
hardboard, lining paper. P.V.A. emulsions are not satisfactory for metal 
surfaces unless primed specially. 

UNDERCOATS 

The principle object of the undercoat is to bring the surface close to the 
colour of the finishing coat. It also fills in small surface defects and must 
provide proper adhesion between the priming coat and the finishing coat. 
It provides an additional reserve against any danger of the sinking of the 
gloss finishing coat, and consequent loss of gloss. 

Undercoats should dry out overnight ready for the finishing coats. An 
alkyd based paint— a modern type— is often applied coat on coat and does 
not dry out matt as do normal undercoats. 

P.V.A. emulsions as mentioned before, are also applied coat on coat, the 
first coat being thinned either with a special thinner or with water to com- 
pensate for the suction of the background. 

Size, which contracts vigorously on drying, should never be used under a 
flat oil paint. Size is also water soluble and so if water gets into the back- 
ground, % the paint film will flake off. 

PAINT FINISHES 

Gloss Finishes. Many are based on titanium oxide which has extremely 
good covering power, and . *ay be carried in mediums such as varnish 
(natural gum or synthetic). Additional "medium is provided which will 
produce the high gloss. The best high gloss finishes are able to withstand 
physical abrasion, weathering, resistance to moisture and have the virtue of 
elasticity for a long period. 

Semi-gloss and Eggshell. The degree of gloss varies *with the proportion 
of medium. These paints are not satisfactory for external use* but can give 
a reasonable degree of resistance to moisture penetration and can be used 
satisfactorily in bathrooms andTritchens. 

Oil Gloss Paint. Here the medium L refined or boiled linseed oil (boiling 
gives a much higher gloss). Because white lead and linseed oil combine very 
well together, white lead is a very common pigment for an oil gloss paint, 
and is very suitable for painting timber in exposed positions. 
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These paints are difficult to apply because they do not l^vel out or ‘ flow ’ 
easily, the work has to be brushed lightly in different directions several times 
to reduce brush marks. 

Matt Paints — Oil. These mostly produce a dead flat finish and are satis- 
factory for use on plaster but not on woodwork. The surface can be cleaned 
down, but owing to its texture it is liable to hold dirt. 

Matt Paints — Emulsion. Many of these are now based on polyvinyl 
acetate (P.V.A.) and are extremely useful on many difficult surfaces such as 
new plaster, which takes other types of paint poorly. These emulsions are 
satisfactory for interior surfaces, but certain grades can be used externally 
on asbestos cement sheets, cement iendcrings/etc. 

They should not be applied over other gloss paints as adhesion to this type 
of surface cannot be good. The usual specification is to thin the emulsion 
with a special thinner or water to counteract suction and to follow with a 
neat finishing coat. 

Washable Distempers. These arc otherwise called oil-bound water paints 
and consist of ?n emulsion and glue size. 

The pigment is Lithopone usually, which is a mixture of zinc sulphide and 
barium sulphate. Another ingredient is whiting (the'less of this the better 
the paint). Too many coats of these materials may flake because of the glue 
content, such surfaces should be sealed with a penetrating piynt. 

Distemper and Ceiling White. These are made from whiting (calcium 
carbonate) and glue size. They are cheap and satisfactory only for ceilings 
where there is no wear. The distemper must be removed completely if 
another paint system is to be applied. Distemper should not be applied over 
another paint film. 

As a base for distemper, bare plaster is usually 4 clearcolled * soon after 
setting. This is size mainly, with a little colouring, which will provide a 
key for the distemper. Distemper is a satisfactory surface over lining paper. 

Thixotropic Paints. This type of paint, pioneered in America, is coming 
on to the market in this country. In the tin the paint is in the form of a gel. 
The movement of the bristles of the brush breaks down the viscosity enabling 
the brush to pick up the paint. When the brush is applied to the surface the 
paint will spread out satisfactorily and will reassume its gelled or thixo- 
tropic structure after the mechanical disturbance of the brush has stopped. 

This has the advantage that the paint carfnot be spilled from the tin; it is 
especially useful when painting ceilings or soffits because drips do not run 
down the handle. 

In this type of paint the proportion of pigment to vehicle has to be very 
carefully controlled so that the gel works properly. This means that thinners 
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can only be added ^ith extreme care. If the lid of the paint tin is not replaced 
properly the evaporated thinners are therefore difficult to replace. The paints 
have a tendency to ‘ skin ’ in the tin rather more than normal paint. The 
chief advantage of this paint is that heavier coatings can be applied without 
the danger of curtaining or sagging because of their thixotropic nature, this 
means that fewer coats are necessary. 

Epoxide Resin Paints. This is a remarkable paint, the finish of which is 
close to a fired vitreous enamelled surface, but without the firing. It dries 
to a very hard film with good gloss, adhesion and high mar resistance, and it 
has very good resistance to solvents and chemicals. It is suitable for use both 
externally and internally and can be applied satisfactorily on normally difficult 
surfaces such as cement, asbestos, rubber and concrete moulds. Imper- 
fections in workmanship arc more difficult to correct with this type of paint. 


TECHNIQUE 

Paint may be applied by brush, roller* or by spray, with the object of building 
up a film suitable for«its purpose. The surface must first be prepared by 
cleaning, and may be scrubbed with abrasive to produce a flat surface. 
A priming paint is then applied to ‘ level out ’ the suction of the surface which 
might otherwise effect the evenness of the finish. Note that the life of paint 
film depends on the adhesion and life of the primer. Hollows and small 
cracks ar& then filled with a suitable filler. t 

Several undercoats arc now applied, each being allowed to dry, and are 
rubbed down in turn with a fine abrasive, e.g. glasspaper, to reduce any 
slight lumps and ridges. The architect specifies the number of coats in 
accordance with the standard ° r finish and durability he requires. The finish- 
ing coat or coats are then applied.? 

Wood should be painted with the grain, the ripples produced by the brush 
are then inclined to lie in the ‘ valleys ' of the grain. 

When a large surface has to be painted no edge of new paint must be 
allowed to dry so that ridges are formed. To keep the edge open (wet), 
sufficiently the paint must not dry too quickly. Very large areas, eg. walls, can 
be effectively managed by two painters, the first starts in the right-hand 

* Rollers may have a variety of coverings e.g Jambswool, synthetic sponge etc. 

t E.g. Hemihydratc calcium sulphate plaster m a synthetic filler, for wood or plaster. 

X Some finishing coats cannot be applied in more than one coat, — e.g. some lead-based 
high gloss paints. Many new paint formulations are on the market; many well-known 
paints now have 4 synthetics * added, so it is essential to follow the manufacturers* direc- 
tions. (One manufacturer prints on the tins 4 If all else fails, — read the directions!*). 
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comer and works to the left doing the top half only. The second also starts 
on the right after the first has gone four feet or so, and does the bottom half. 

The size (width) of the brush or roller should be smaller than the surface 
to be painted. Mouldings are painted with a small brush, or tool which 
is also used in conjunction with rollers to finish to a line or into an internal 
angle. 

Some paints are thin and produce a curtaining effect unless brushed out 
well; others have more * body ’ and are not so troublesome, though they 
may not be so economical. Yet other paints need ‘ laying off’* to produce a 
ripple-free surface. 

Brushes, rollers, spray-guns, and all other equipment must be cleaned 
carefully each time they arc used, otherwise small lumps of old paint will 
spoil the work, and the equipment will deteriorate and become useless 
rapidly. 

If a tin of paint is not used completely the first time, the remaining paint 
must be stiamed befoie use (through cloth, e g stocking material) to remove 
the dried paint skin. 

* The brush is worked lightly across the wet paint at light angles to the direction in 
which it was nut on. 







Porous Paints for Early Decoration on New Plaster and 
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Typical Detects in Painting 


DEPLCI 

CAUSE 

All defects | 

Moisture contributes to all failures 

Chemical attack or * saponification * 

In mild cases, peeling and blistering 

In severe cases, gives a soft sticky film, with 
watery blisters and yellow oily runs 

In all cases, some pigments are bleached or 
discoloured 

Attack on oil paints and oil-bound distempers 
by lime, in the presence of certain salts and 
moisture All Portland cement products, 
lime plasters and lime-gauged plasters may 
cause this attack 

Efflorescence 

A crystalline deposit, often white and fluffy, 
which may push off the decorations, or appear on 
top of them 

Salts from the structure are carried to the surface 
by water, and deposited there as drying occurs. 
This may happen with any material 

Loss of adhesion 

Peeling, blistering and flaking 

| Water alone, or helped by chemical attack, 
eflloiescentc or fr able plastei 

Coloured spots o’- patches 

Often g r ey. black, purple red or pinl 

Moulds, mildew or fungi encouraged by damp 
conditions, especially where paper paste and 
size are present ♦ 

Dry out 

In mild cases, plastei does not attain full 
sttength and hardness In seveie cases plaster 
is powdery and friable on the surface, or thiough- 
out, and paint applied on it ma> peel 

Too rapid rerrovil of watei from gypsum and 
anhydrite plastei s 

Dela>ed expansion 

Slight rippling and softening, or wholesale 
rotting, expansion rnd Watering of the p? istei 

1 

| If plaster suffering from dry ou' again becomes 
wet del lyed expansion occurs 
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Plaster and CENpsn* 


TRIYHsTION 


Paint oily when dry or use porous tcmporiry 
decor mons until the wall has Jticd out 


Div before painting 

ll decor ition must be done l eforc drying is 
eomplete use porous i kali resist mt p mts 
or distempers | 

11 tlie decor it ion is non porous it shook rot 
be applied until the wall is dry A1 li 
resistant systems 01 at least two c its cf a 
primer of this type give gitaler sate £ 

Oil oound distempers can be applied it an 
earl i stage than gl ss j ut ts 


V» ipe away with a dry cloth or brush md It i\t 
toi a tew days to see it (either giowtli c ceuis 
Do NOT dccoiatc until grswth ec iscs 
Do NOT attempt to se il back 
D NOT mtiodi e water into thr \ all It di 
temper is to be ipplicd it n y 1 1 ne tssa y i i 
iiime the \v il with a co-it il sin i 3k ui 


D y l ef rc pimlni£ 


CURL 

Remedy the fault which his dloved entry of 
water allow to diy iemo\c loosely adliermg 
deeoratic ns and redcu r ite 


Stup allow i diy ind rcdeci rate is in prt 
ceding alirn 


Ji ePl ji^SLcnet is pushup oft the decoratiom 
tin all >w to diy L ush down and redecorate 

li cftloresttnu appears on top of the decorations 
wipe oil until no more comes 


Rt nt !y c uisc of d in pi c s remove loo e punt 
diy mJ ledeeoiatc 


Remedy dimp crndili ns . stup off old dceoi it ms 

Il cl imp conditions cmnot be remedied use ht it the wall wi h a fungicidal w ish (1) 

speei il paints ontainingfunguiri ilingredier ts Dry Il the mildew contmucs to grow £ivc a 

Some of these should not be used wlicie tl cy I second fun^icid il wish 

i iav Lontamimtc foo JstuOs | When diy redecorate usng special paints con 

H id drying p ants are less like y to be attic! ed turning lunguidal ingredients il attack was 

scveic 


\v3id too ripid drying by restricting heat nd In mid cases if il c p istcr is allowed to diy 
ventilition in early stiges after pi istennj: nd is k/t fbv icdecoi ition without ic 

pl istenng may be successful 

Oi Keene s and Parian wheie chcmic 1 Mock 
is not expected prime foil swing t trowel 
v uh a shup i rimer (J) Ihis m ott c 

icstrictons on drying but no fuither cons In sc etc cases hack ofT nd i plistcr 
may be applied until the pl ester hi di ed * 


* From lainting Ac w Plaster and Cimint MoW advisory leaflet N) 1 

i A suitable wash for destroying mould is Santobrit (1 lb in 10 gd of water) supplied by Monsanto 
Chemicals Ltd or Shirlan NA(1 lb m 10 gal of water) supplied by Imperial Chemical Industries 
1 td or zinc silicoufluoride (6 oz u one gallon of water) The manufacturers directions should be 
losely followed m making up and using the proprietary materials 1 

% A sharp primci cm be made by thinning white lead paste and adding driers and, if desired a 
little red lead or a lit t It gold size • 
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Glazier 


MATERIAL 

Sheet Glass. This is usually produced by a vertical drawing from the molten 
glass. The two surfaces of the resulting sheet are never absolutely parallel, 
as a certain amount of distortion occurs. 

Qualities: 

O.Q. — Ordinary Quality; for general glazing. 

S.Q. — Selected Quality; for better quality work. 

Except for large sheets it takes an expert to differentiate between well 
selected S.Q. and Polished Plate. 

It is specified by weight per sq. ft: 

24 oz. approximately ^ in. 

26 oz. .... „ 4 in. 

32 oz „ in. 

Usual maximum manufacturing size is 66" \ 44". The safe glazing size 
depends on the degree of exposure. 

Polished Plate. The two surfaces of the glass are ground and perished so 
that they are true and free from distortion. This increases the cost approxi- 
mately five times, but produces the best results. 

Qualities: 

G.G. — Glazing glass; for general work. 

S.G. — Selected quality; for 'the best glazing. 

S.Q. — Silvering quality; for mirrors. 

It is specified by thickness, which ranges from J in. to 1J in. The most 
common is J in., for which the usual maximum manufactuiing size is 
175" X 98". • 

The surface(s) can be worked or obscured by acid etching or sand-blasting, 
in many ways. 

Rolled and Cast Glass. Textured and translucent glass with many varia- 
tions, the cost being generally comparable to sheet. 

An average maximum manufacturing size would be 120" X 48". 

Wired Glass —in which wire is embedded during manufacture. It is used 
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mostly in roof grazing. In the event of breakage, splinters cannot fall to 
the floor below. It is also used in small panes in fire resistant doors and 
partitions, as it holds together better in high temperatures. 

Square mesh is used for better-class work in polished plate or cast gl?is. 
Hexagonal mesh ‘ chicken wire ’ is used for general glazing work in cast glass. 

Toughened Glass. Various forms of toughened glass are available, but 
they are much more expensive than even plate glass. They are used for 
glazed doors and balustrades, etc. 

Other Varieties, e.g. glass which absorbs to a large extent the heat of the 
sun, and is either a greenish tinge or is a sandwich of glass fibres; fly-killing 
glass, for food stores; diffusing glass (glass fibre sandwich) for borrowed 
lights and roof lights; opaque coloured glass for sill walls in curtain walling, 
uc. 


GLAZING TECHNIQUE 

1 he rebate in wood frames to take the glass should not be less than f in. 
1 irst, the rebate is ‘ back puttied ’ with a layer of putty about i in. thick. 
The glass is then ‘ offered ’ into the opening and pressed in all round so that 
the back putty squeezes out to about an l in., leaving no putty-less gaps. 
If the sheet of glass is a large one, it is usual to support its weight on two 
small chips of wood, each a quarter the width of the sheet in from each end. 
By adjusting the thickness of these chips, the sheet can be squared up in the 
opening* Sprigs are then lightly tapped in all round to retain the glass. 

Smaller sheets may then be puttied in with a triangular fillet. Large sheets 
are finished with a puttied timber glazing bead which is pressed into place 
to leave about i in. of putty between the bead and the glass. The beads 
are then pinned or screwed to the frames. 

Wood frames should be primed before puttying. If varnish or a synthetic 
sealer is being used instead of a paint system, then the beads and frames 
must be varnished or sealed before glazing. It is customary that the carpenter 
cuts the beads ready for the glazier to fix. 

Metal frames need a special putty which will harden on its own. (Linseed 
oil putty hardens through oxidation and because the wood absorbs some of 
the oil.) Metal beads replace wood beads for the larger sizes. 
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Appendix 

Tablf or Dr ad Loads 


M itcnul 

Blocks, hollow 
Boards : 

Insulating 

Plaster-board 

Brickwork: 

Common 

Pngineenng 

Concrete 

Reinforced 

Cerk: 

Slabs 

Compressed 
I looking 
Rubber 
Huidw ood 
rioor'* 

Hollow 


Class 

C dass silk qatlltd 
Plaster 
Acoustic 
I lbious 
C ement 

Paving i 

C oncrete 
^ oik Ston*. 

Pas ement lights 
limber: 

Haidvvood 
Pitch pme 
Softwood 

Weights of roof coverings 

Asphalt 

1 in boarding 

Battens 

Common rafters 


I hick ness | Weigt t 
1 inches lb per 


^ | 9-12 sq ft 


» 

0 75 

sq 

ft 

i 

2 00 

sq 

ft 


125 

cu 

ft 


150 

eu 

ft 


1 150 

cu 

ft 

1 

1 00 sq 

ft 

1 

I ? 00 

s q 

ft 

1 

2 ^0 

sq 

ft 

A 

1 3 3 

sq 

ft 

4 

31 0 

sq 

•> 

ft 

5 

40 0 

sq 

ft 

6 

l 45 0 

sq 

ft 

l 

3 c 

•^q 

ft 

1 

1 5 

sq 

ft 

* 

2 0 

sq 

ft 

$ 

1 0 

sq. ft 

l 

6 0 

sq 

ft 

-V 

25 0 

sq 

ft 


25 0 

sq 

ft 

21 

25 0 

sq 

ft 


45 0 

cu 

ft 


42 0 

cu. 

ft 


30 0 

cu 

ft 

eaeh | in 
thickness 

I 

4 4\ sq 

ft 


1 25 

sq 

It 


1 2 0 

sq 

ft 


3 0 

sq 

ft 
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Mateiial 


Copper 

Corrugated iron 

Corrugated asbestos . 
Plate glass 
Felt . 

Glazing bars (metal) . 
Lead 


Pantiles 
Plain tiles 
Purlins (wood) 

(steel) . 

Shingles (Red Cedar) 
Slates (ordinary ) 

1 hatch 
Zinc 


Weight 
lb per 


t .4. j aij. it 

plus 20% for laps 
| 3*3 sq.ft 

' 5-0 sq. ft 

1 * i sq. ft 

| 1 i sq. ft 

! for 6 ft spans 

i For 6 lb 8) including 
I 7 1b 9> iolls 
i 8 lb 1 1 J and laps 
! 12 sq.ft 

145 sq.ft 
2 0 sq. ft 

4 0 sq. ft 

j 1-5 sq.ft 

I Westmorland 9 to 15-5 
| 8-5 sq. ft 

j 1 to li *»q- ft 


Sonic of these figures* have been obtained from the Building Technicians' Diary 
published by the Association ol Building Technicians; and Code of Practice No. 3 : 
1952. 


By-law Timber Sizes 

Limiting ^pans oj joists , rafters and purlins of European redwood or nhifewood. 
Eastern Canadian spruce , Douglas fir or Western Hemlock in dwellings of 
not more than two storeys designed for one occupation. 

In the following tables: 

Nominal si/c means the net sawn size imaccordance with British Standard 
1860. Douglas fir surfaced to give dimensions J in. less than the nomina 
size may be used for the tabulated spans. 
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Floor Joists 


Clear span 


Nominal size 

16 m 
centres 

18 in 
centres 

21 in 

centres | 

24 in 
centres 


I f‘* 

m 

ft 

in. 

ft 

in. 

ft in. 

W x y 

2 

8 

2 

4 

2 

0 

1 9 

2 * x y 

3 

8 

3 

2 

2 

10 

2 5 

1 V x 4' 

4 

9 

4 

2 

3 

8 

3 3 

2 * x r 

6 

4 

5 


5 

0 

4 4 

IV X 5* 1 

*7 

4 

6 

7 

5 

9 

5 1 

2* x y 

8 

6 

8 

2 

7 

7 

6 8 

11' x 6' . 

9 

1 

8 

7 

7 

11 

7 1 

2* X 6* 1 

10 

3 

9 

10 

9 

3 

8 8 

2V x 6" ! 

11 

0 

10 

7 

10 

0 

9 7 

IV x V 1 

10 

8 

10 

1 

9 

4 

8 8 

2" X 1” i 

12 

0 

11 

7 

10 

11 

10 2 

2V y r 

12 

11 

12 

5 

11 

9 

11 3 

IV x 8" 

12 

3 

11 

7 

10 

8 1 

1 10 0 

2* X 8" 

13 

11 

13 

3 

12 

7 1 

1 11 9 

2v y y 

14 

10 

14 

3 

,13 

9 

13 0 

IV X 9 1 

1 13 

10 

1 13 

0 

12 

0 

1 31 3 

2* X 9* 

13 

7 

14 

11 

1 14 

0 

13 2 

2V x 9* 

1 16 

1 

8 

1 16 

0 

! 15 

3 

♦ 

14 7 


Common Rafters and Celling Joists 



Nomu j 

size 1 

* 1 

Clear «■ 

| 16 in | 

pm when spaced at centres ot 

18 in | 21 in 1 24 in. 



ft 

in. 

ft 

in. 

It 

m. 

t ft 

in 

Rafters 

(i) Plain tiles, 40° pitch or 

W x y 

6 

0 

5 

8 

5 

3 

4 

11 

steeper. 

2° x y 

7 

2 

6 

9 

6 

2 

5 

10 

• 

11' X 4' 

8 

2 

7 

8 

7 

1 

6 

8 


2" x r 

9 

9 

9 

1 

8 

5 

7 

11 

(n) Single-lap (interlocking) 

IV x y 

6 

10 

6 

5 

5 

11 

5 

6 

tiles, 35° pitch or steeper. 

2* x y 

8 

0 

7 

6 

7 

1 

6 

6 

IV X 4" 

9 

3 

8 

8 

8 

0 

7 

6 


2* x r 

10 

9 

10 

2 

9 

5 

8 

9 

Cejlino Joists 

IV x y 

5 

6 

5 

4 

5 

1 

4 

10 

2* x y 

6 

2 

5 

11 

5 

7 

5 

4 


W x 4 ' 

7 

^ I 

7 

2 

6 

10 

6 

7 

: 

2 * x r 

8 

4 

8 

0 

7 

7 

7 

3 
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Purlins 


Nominal 
size of Purlin 

Spacing of Purlins 


ft in. 

6 0 

ft in. 

7 0 

ft in. 

8 0 

• 

ft in. 

9 0 

ft in. 
10 0 


Purlin 

Spans for Plain Tiles 



ft in. 

* 

ft in. 

ft in. ' 

ft in. 

ft in. 

2 * x r 

4 7 

4 3 

4 0 

3 9 

; 3 7 

2" X 5* 

5 9 

5 4 

5 0 

4 9 

4 6 

T x 6" 

7 0 

6 6 

6 1 

5 8 

5 5 

2" x T 

8 2 

7 7 

7 1 

6 8 

6 4 

2' X 8' 

9 4 

8 8 

8 1 

7 8 

7 3 

2* x 9* 

10 6 

9 8 

9 1 i 

8 7 

8 2 

y x 8* 

11 5 

10 7 

9 11 

9 4 

8 11 

y x 9* 

12 9 

11 10 

11 l 1 

10 6 • 

9 11 


• 

Purlin Spans for Single-lap 




(interlocking; Tiles and for Slates 



1 ft in. 

ft in. 

ft in. 

ft in. 

ft in. 

2" x r 

5 0 

4 7 

4 4 

4 1 

3 10 

2 0 x 5% 

6 4 

5 10 

5 6 

5 2 

4 11 

2” x 6 m 

7 7 

7 0 

6 7 

6 3 

5 11 

2" X V 

8 11 

8 3 

7 9 

7 3 

6 11 

y x 8" 

10 2 

9 5 

8 10 

8 4 

7 11 

2” x 9* 

11 5 

10 7 

9 11 

9 4 

8 10 

y x y 

12 5 

11 6 

10 9 

10 2 

9 8 

y x y 

13 10 

12 10 

12 1 

• 

11 5 

10 10 


OBSOLESCENT CONSTRUCTION 

The drawings that follow have been included because: * 

(a) Architects and builders have to cope with old buildings where this type 
of construction is met with. 

(, b ) There is a certain interest in seeing how problems of, for example, 
spanning, were tackled in earlier times. 

These forms of construction are not offered as good construction to te 
used nowadays, since though they were satisfactory in days when labour and 
materia] were cheap, they would be very uneconomical in all respects now. 
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Index 


Abutments 227 
Acid attack 38 
on copper 250 
on zinc 258, 259 
Acrylic sheet 176 
Aggregates 27, 28, 48 
Aluminium primers 344 
rainwater «pipes 314 
Ampere 320 
Anchor bolts 111 
Angle of creep 222 
of repose 55 
Anhydrite plasters 333 
Anhydrous gypsum plasters 332 
Approvals 1 
Apron flashing 236 
Arches 82-85 
Gauged 85 

Laminated and glued 169, 1"t» 
Relieving 85 
Rougl^85 
Architect l 
Architect's Journal 1 
Arris hips 228 
Asbestos-based felt 268 
Asbestos cement 297 
cisterns 276 
rainwater pipes 304 

Ashlar, forms of 100, 105, 107, 108, 130 
Asphalt roof 265 -267 
tanking 77, 272, 273 
Attached piers 69, 71 
Axed work 120 


B.S. (British Standards) 37, 108, 208, 
210, 356 
Backsight 12 
Badger 288 
Ball valves 277 
Band-saw, High-speed 195 
Basins, Lavatory 317, 318 
Basle, Heated gutters at 249 
‘ Bat ’ connectors 161 


Bathstone 97 
Baths 316 
Bats 47 

Batten Ml (copper) 252, 255 
Battered face wall 57, 58 
Beaded nosing 245 
Bearing of joists 179, 180 
Bed joint 47 
surfaces 99 

Bedding ot bricks 50, 52 
of stone 98 

Benching, Concrete 284) 

Bevelled closer 46 
j halving joints 148 
Bill of quantities 2 
Bituminous felt rooting 267-27 1 
I tanking 77, 272, 2 7 3 
I Block board 195 
Blocks, Concrete 90-92 
i Hollow clay 93-95 
J Wood 183 
I Blown joint 305 

» Boasted or droved woik 119, 122 
j Bolsover Moor stone 97 
i Bolts, Anchor 1 1 1 
, Rag 111 

Bond (brickwork) 58-64, 69, 71 
j Bonders 99 
Bonding 54, 72 
Boning method (levelling) 53 
Bonnet hips 228 
Bossing 235 
Box gutters 264 • 

Bracket*, Cast-iron gutter 3 1 2 
Branches, Pipe 303 • 

Brick, Bonding 54 
forms of 46 
Bricks 45 
Bedding of 50, 52 
Cellular 46, 48 
Purpose-made 67 
Brickwork, Chap. 6 
Reinforced 65-67 
Stability of 55 


367 
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INDEX 


Bridle joint 150 
Bristol Pennant stone 97 
Builder’s planning 3 
Building inspector 4 
owner 1 
atones 96, 97 

Buildings, Surveying existing 1 6 
Bullnose brick 46, 48 
Burning-in 249 
By-laws 1, 2, 77, 152, 184 
Drainage 286 
Timber sizes 357, 359 


Cables, Insulated 327 
Carpentry 140 
joints 148 150 

Casement windows 211, 216, 217 
Cast-iron 267 
drainage 292, 294, 295 
eaves, gutters and brackets 312, 3)4 
flange joints 305 
hydraulic mains joints 305 
Cast lead 233 
stone 129 131 
Cavity walls 40 76, 81 
Cellular bricks 46, 48 
Cement 26, 331 
jfiilets 236 
joggles 110 
lime mortar 49 
mixes 341 
mortar 49 

Paints for new 350, 353 
renderings. External 338 341 
Certificate 5 
Cesspool 247, 248 
Chain chisel and mortiscr 196 
Chamber, Intercepting 290, 295 
Change points 12 
Chase mortices 149 
Chjllmark stone 97 
Chimney pots 82 

Chimney stacks. Flashings for 82 242. 

243. 244 
Coppci 256, 258 
Lead 242 244 
Zinc 265 
' Chimneys 78- 82 
Chip board 199 

Chi§el-draughted margins 119, 122 
Circular circular sunk work 122, 123 
Circular circular work 122, 123 
Circular saw bench 194 
Circular sunk work 121, 122 


, Circular work 121, 122 
i Cistern 276 

Flushing 280, 281, 316 
Overflow pipe to 280 
^ Clay blocks. Hollow 93 -95 
! Clerk of Works 5 
j Clipsham stone 97 
Codes of Practice (C.P.) 129 
I Cogged joint 148 
I CoIIimation method 14, 15 
I Column, Cutting stone 129 
Combed joint 186 
Combed or dragged work 119, 122 
Compos pipes 276 
Compression fittings. Copper 279 
Concrete, Chap. 4 
Benching 289 
blocks 90 
Cast stone 130 
{ C old weather 31 
! floors 166, 183 
formworlc 3J- 36 
foundations 21-23 
lintels 85, 87 
Non -Fines 339 
! Precast 34-36 
rafts 25 

loofs and floors 164 1AQ 
walls 57, 58 
Condensation 44, 75 
Conductor 320 
Conduit, Flectric 327 
installation 328 

Connections, Copper pipe 27°, 280 
Lead pipe 278 
to public sewer 289 
Connectors, Timber 156, 160-163 
Consumer’s Service Unit 321 
Contract, Building 3 
Copings 75, 99 
Slate 131 
Copper 250-258 
batten roll 252, 255 
cisterns 276 
conical toll 258 
flashings 256, 258 
joints 253 
pipes 276, 278 
connections 279 280 
sheet, Laying 252 
specifications 251 
standing seam 252 254 
wood roll 255, 257 
Corbelling 70, 101 
Corner-locking joint 188 
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Corrennie stone 96 
Counterfort retaining wall 57, 58 
Course 47 

Damp-proof 73, 82, 176, 184, 215, 
219 

Projecting 70 
Cover flashings 236 
Cownose 48 
Cramp 101. 109, 110 
Slate 111 

Cretown stone 96 
Cross or party walls 72 
Croydon valve 280 
Curtain drains 21 
walls, 75 


Damp 73 

Damp-prv>of*course 73, 82, 1 76, 1 84, 21 5, I 
219 

Darleydalc stone 97 
Dead loads, Table of 35o 
Death Watch Beetle 1 39 * 

Decay in timber 1 38 
Defects in painting 351-353 
De Lank stone 96 
Derby float 337 
Distempers 346 
Door frames 210 
linings 366 
Doors 204-210 
Flush 208, 209 
Framed 206^207 
Ledgcd and braced 206 
Panelled and glazed 208 
Dormer cheeks 250 
window 152, 155 
Double Flemish bond 61, 63, ?' 
glazing units 217 

Dovetailed joints 148, 149, 150, 188 
Dowelled joinls 186, 187 
Dowels 112 
Lead 250 
Stone 110 
Down-draughts 82 
Drain, Outlet to 289 
Drain pipes 80, 286-288, 292 295 
Drainage 4, 19, 20, 21, Chap. 15 
above ground 302- 31 J 
One-pipe system 308, 309 
Single stack system 310-311 
Two-pipe system 306-309 
Drains, Layout of external 29 7 
Draughts 78, 82 
Drawing-office stage 2 


' Draw-off taps 282 
, Dressings 101 
, Drips, Lead 247, 248 
. Dripstone 101 
1 Dry rot 139 
Durability of walls 37-39 


Laves J 52, 227, 230, 271 
, Cifst-iron 312 
, Edge-to-continuous joint 188 
, Edge- to-edge joint 185-187 
E.J.M.A. windows 213, 214, 217 
Electric current, Three-phase 319 
storage water heaters 284 
Electricity 
Definitions 320 
Domestic distribution 325 
Earthing system 323, 324 
Installation control arrangements 322 
lighting points 326 
Public supply 319 
Rjng main 324 

Service entry and distribution board 
321 

socket outlets 326 
sub-circuits 326 
wiring systems 327 
Enamelled hardboard 202 
Engineer's chain 7 
Lnglish bond 59, 60, 69 
Epoxide resin paints 347 
Ls lima tor 3 
Excavations, Chap. 3 
Expansion of metals 234 
Expansion, Thermal 43 
External cement renderings 338 341 
drains. Layout of 297 
ttorks 5 


Face-to-face joint 187-189 
Facing bond 63, 64 
Fastenings and saddled joints 115 
Fastenings, Metal 189 
Felt, Bituminous 77 
roofing 267-271 

Ferrous metals. Primers for 344 
Fibre board 200 
Fibre pipes 292, 293 
Field book 7 
Fillet, Cement 236 
Tilting 236, 241 
Filter bed 299, 301 
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INDEX 


Final certificate 5 
Fireclay drainage 288 
Fireplace .construction 79 
Upper floor. Details 182 
Fire resistance 268 
F«5hed joints 364 
Fittings, Cast-iron 267 
Flange joints 305 
Flashings, Copper 256, 2^8 
Lead 82, 236, 240, 245 
Raking 242 
Stepped 241, 242, 248 
Zinc 264 
F launching 82 

I lemish bond. Double 61, 63 71 
Single 62, 63 
Flint walls 105 
Floating coat 337 
I loating, Power 1 83 
1 loorlaycrs 5 
l loors 

Concrete 165, 166 
Ground, Timber 176 179 
Hollow pot 1^6 
Joints in 178, 179 
Pl>-type 184 
Precast concietc 166 
Pie stressed concrete 166 
Solid 183 

Solid and suspended co Kietc 16^ 
L pper, 1 imber 1 79 
Wood block 184 
I lues 80 

F ku>h doors 208, 209 
joint 52 

I lushing cisterns 280, 2^1, 
valves 282 

I luting. Stone 129 
Footings 62, 103 
Foieman 5 

F oiesight 12 
Foundations 19-25, 103 
Foxtail wedging 150 

I I amed doors 206, 20 7 
Fiamcs, Door 210 

1 taming 185 
anchors 163* 
joints 207 
1 rog (bnck) 45 
Frost 37, 38, 75 
Building during 50 
‘ F dibore ’ rain-watei outlets 271 
Fungus 138 
Furnituie beetle 139 
Fui rowed work 120, 122 


Gable end trusses 173 
Gas water heaters 2534 
Gasket, Tarred hemp 286 
Gauged arches 85 
mortar 49 

Glass, Polished plate 354 
Rolled and cast 354 
Sheet 354 
Toughened 355 
Wired 354 
Glazing, Chap 19 
Double 217 
technique 355 
Glues 196 

Ground floors. Timber 176 
Grout 101 

Gulleys, Cast iron 294 
Rainwater 301 
1 rapless 294 
traps 293 
Cutters 246 

and biackets. Cast-iron 312 
Box 264 “ 

C ast iron 3 1 2 

C upper 314 m 

1 lectncally-healed 249 

lead 233, 314 

Parapet 247, 248, 270 271 

Secret 246 

Side 241 

Tapering 247, 248 
Valley 242, 24/, 271 
Zinc 264 314 

Gypsum plasters 37, GO, 331 
\nhydrous 332 
Ret tided hcmih>diatc 332 


liaised joint 151 
Hammer dressing 119 122 
Hammei, Slater’s 230 
Hardboard 200, 202 
primers 344 
Haidwood surcs 137 
Headers 47, 59, 101 
Heading Bond 63 
Hearths 82 
Heat insulation 41 
Hip oovenngs 242 
soaker 242, 243 
Hips 227, 228, 240 
Hollow rolls (lead) 238, 239 
l Hoop lrdh bond 65 
Hopton Wood stone 97 
l Homton stone 97 
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Hot water supply 282-284 
Indirect system 2& 

House drainage 296 et seq. 
Housed joint 151, 188, 191 
Housing, Methods of 191, 192 
Hydraulic mains joint 305 


Insecticides 140 

Inspection chambers 289, 290, 291 
Insulating board 326 
Insulation 232 
under asphalt 267 
under bituminous felt 269 
Intercepting chamber 290, 295 
Interlocking slates 223, 224 • 

Internal mitres 123 

Iron gutters, eaves and brackets. Cast- 1 
312 

Hydraulic mains joint. Cast- 312 . 

piping. Cast- 276, 280, ?92» 294, 295* i 
Italianised /inc roofing, 262, 263 


Jambs 101 
Joggles 109, 112 
Joinery 140, Chap 1 1 
Joint, 

Bastard tuck pointing 5 1 
Blown 305 
Cornerlocking 188 
eramps’^09 ^ 

Flat 51 
Flush 50-52 
Incorrect 51 
Keyed 51 
4 Kontite 1 305 
Mason’s 4 V ' 51, 52 
Mortice and tenon 149, 187 
Pointing 51, 52 
Raked 50, 51 
Recessed 51 
* Staern ’ 305, 306 
Tabling 110 
Tuck pointing 51 
Weathered 50, 52 
Welded butt 305 
flange 305 

Wiped 278, 280, 305 
Jointing 50 et seq. 
and fixing 305 

Drain pipe 285, 288, 293-295, 303, 304 
Underground 280, 286-288 
wide surfaces 193 


Joints 

in Ashlar masonry 108 
Carpentry 148-151 
Copper 253, 254, 279, 280 
Copper to cast-iron 303, 304 
to copper 303 
to stoneware 303, 304 
Drainage 285, 288, 293, 294, 295, 303, 
304 

Edge*to-continuous 188 
Edgc-to-cdge 185-187 
Face-to-face 187-189 
Fished 364 
Floor 178, 179 
Framiag 207 

Iron-to-iron, Cast 303, 304 

Iron rainwater pipes, Cast 303, 304 

Iron to stoneware. Cast 303, 304 

Joggle 109 

Lap 236, 364 

Lead 236 

burned 278, 280 
Lead-to-cast iron 303. 304 
to lead 306 
to stoneware 303, 304 
Longitudinal 189 
Pipe 278, 279, 303, 304 
Rebated 114, 190 
Saddled 114, 115 
Seal f 363 

Soldered spigot 278 
Stoneware-to-stoneware 303, 304 
in stonework 108 
Strut 365 

Strutted purlin roof 154 
Tabled 363 
Tie 365 

with timber connections 156 
in tracery work 109 
Weathcied 109, 111 
foist bearings 179, 180 
l hangers 181 
foists 179 et seq. 

I Ceiling 358 
I Floor 358 


Keene's, or Parian plaster 333 
Kentish Rag 97, 106 
Keyed brick 46, 48 
King closers 46, 47 
Kitchen units 201 
Knots (timber) 142 
‘ Kontite * joint 305 
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INDEX 


Laced valley (tiling) 229 
Laminated timber arches 169, 170 
Laminates, Plastic 202 
Lamorna stone 96 . 

Lap 47, 235, 239 
•-joints 236, 364 
Lavatory basins 317, 318 
Lead burning 278, 280 
cisterns 276 
dowell or dot 250 
drips 238, 239 
flashings 241-243 
pipes 276 
connections 278 
fixing 305 
plugs 111 
rolls 238, 239 
roof covering 233 240 
specification of 234 
sheathed cable 329 
soakers 243, 246 
tacks 235 

Leakage, Roof £2 1 
Ledgcd and braced doois 206 ' 
Ledged doors 206 
Levelling (brick woik) 52 
Levelling survey 9 1 5 
Lever stopper 290 
Lime plaster 330, 333 
Line of collimation 12 
Lintels 85-87 
Cast concrete 86 
/ Reinforced brick woik 66 
' concrete 87 
Steel 87 
. Stone 114 
// Wood 85 
/Loads, Table of dead 356 
Long and short work (stone) J23 


Machines, Stone-cutting and polishing 
124-128 

Maintenance 5 y 

Manholes 289, 290, 29 1 , 295 / 

Mansaid, Flashing at curb of 145 
Mansard truss* roof 362 
Mansfield stone 97 
Marbles 97 

Margin, Slate or tile 227 
Masonry, Chaps. 6, 7, 8 
Openings in 1 13 
Matt paints 346 
Metal fastenings 1 89 
windows 218. 219 


Metals, Expansion of 234 
Meter, Electric 32 f 
Milled lead 233 
M.I.C.S. cable 327 
Ministry of Health Model By-laws 1 
I Mitre, External 123 
Internal 123 
joints 185-188 
Mixes, Concrete 341 
Mortar 91 
Plaster 342 

Modular framed construction 56 
Moisture movement 41- 43 
Morfiy 48 
colour 52 
joints 50-52 
mixes 9 1 

Mortice and tenon joint 149, 187 
Moulded work 121, 122, 123 
I Moulder, Spindle 199 
Mountsorrcll stone 96 


Nailing lead 235 
Nosings 238, 239, 245 
Nuralitc 271 


. Obsolescent consti uctii*i 359 
Offsets 8 
Ohm 320 

! Ordnance Survey 7, 10 
, Overcloak 239 
Overhangs, Renderings of 339 


1 Painting and decoiating. Chap 18 
techniques 347 353 
Typical defects in 351 3^3 
Paints 343 
finishes 345 
Porous 350 
/Parapet 102 
/ gutter 247, 248, 270 

Parian, or Keene's plaster 333 
Partitioning, Plasterboard 335 
Passings 235 
, Pebbles 110 
. Peg boards 203 
Perpends 47 
, Piers, Attached 69-71 
Pipes on 294 

i Reinforced brickwork 67 
Square 68 
. Picments 343 
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1 Portsmouth valve 280 
Powder Post Beetle 140 
Precast concrete 34-36 
Primers 344 
Pumping 21 

Punched work (stone) 120 
Purlin 152, 359 
roof 151 153 
roof joints 154 
spatrkS'659 
Putty 355 

i P.V.A. emulsions 345 
P.V.C. conduit 327, 329 


Quariy structure 98 
Queen closers 46, 47 
Quickset level 10 
Quoins 47. 59, 102 


Piles, Short bored 22-25 

Pillar 102 

Pipe 

cutter 294 
jointing 286-288 
laying 286-288 
Pipes 

C ast-iron 292, 294 
Compo 276 
C opper 276 
connections 279 
Diainagc286 288 
lion and steel 276 
I ead 276 

connections 278, 305 
on piers 294 
P«tch fibre 292, 293 
Piastic 276 

Salt-glaze w^re 286, 287 
Stoneware 288 
W aste 306 
Water 276 

Pitched roof 145, 147, 151 * 
coverings, C hap 12 
Pilch fibre pipes 292 293 
Plain work (stone) 1 19 
Pi inning permission 2 
Plaster 330 et seq. 

Anhydrite 333 
Anhydrous 332 
board 334, 335 
finishing 336 
C:ypsunv*7*3jP, 33 1 
Keene’s or ParrSta 333 
L ime 333 
mixes 342 
ol Palis 331 

Painting on new 350, 353 
Retarded hennhydratc 332 
Plasterer 4 
Plastenng, Chap. 17 
technique 337 
Plastic, Laminated 202 
pipes 276, 280 
Plasticiser, Mortar with 49 
Plinth 73, 102 
header 46, 48 
Ply-type floors 184 
Plvwood boaids 192, 194 . 

Painted and punched work 120, 122 
Pointing 52 
joints 51, 52 

Polishing, Stone 123 128 • 

Porous paints in new plaster 350 
Portland stone 97 


R.C., see Reinforced eonciett 
^Racking (walls) 53, 54 
RadiiXofs, Hot watci 284 
Rafters 358 
Rag bolt 1 1 ( 

R aglets 215 

, Rainwutci outlets 271 
shoes and gutters 301 
systems 314 
r l rapless gullcy for 294 
Raking bonds 63. 64 
flashing 242 

Random lubblc 105, 106 
1 Ranging polc^ 7 
i Rebated joint 1 1 1, 190 
, Rebates 215 
Rebating 190 

i Reinforced brickwoik 64, 65 
citocretc 87 

lramcd construction 5o 
retaining walls 57 
, V elieving arches 85 
Rendering 337 
External cement 338 341 
Repose, Angle of 55 
Retaining walls 55 57 
Reticulated work 120, 122 
Returned, rr-itres and stopped 123 
R idge coverings 240 
Kinpcr 230 

i Rise and fall method (survey) 13, 14* 
Rocking- table 129 
1 Rod reinforcement 65 
Rodding eye 293 
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Roll cap system (zinc roofing) 260, 261, 
263 

Rolls, Lead 238, 239 
Roof coverings. Flat, Chap. 13 
Asphalt 265-267 
Bituminous felt 267-271 
Copper 250-258 
Lead 233-250 
Nuralite 271 
Zinc 258-265 

Roof coverings. Pitched, Chap. 12 
Sub-structure 231 
Roofing, Lead 233-250 
Roofs and floors, Chap. 10 
Concrete 164-169 
Laminated arch 169, 170 
Lattice beam 176 
Mansard truss 362 
Mild steel angle 174-176 
Timber, Flat 144, 146 
Pitched 145, 147, 151 
Tubular steel 171, 172 
Wood, Details of 360 
Rough arches ff : 5 
Rubbed work 123 
Rubble 103-106 


Saddled, or water-joint 114, 115 
Saddle-pieces, Copper 257 
Salt-glaze ware pipes 286, 287 
Sand 331 

Test for bulking 28 
Sanitary fittings and connections 314- 
318 

Sash windows 21 2 
Saw, Band 195 
bench 194 

Saws, Stone 124-128 
Scabbling, or scapphng 1 1 8 
Scarf joints 363 
Screws, Wood 192 
Sealing chamber 321 
Seals, Diainage 285 
Seasoning timber 1 34* 

Secret gutters 246 

Seplic tank 285, 299-301 
Setting coat (plaster) 338 
Sewage 285 
Sewer ventilation 297 
Severs, Private 302 
Shakes (timber) 143 
Shap stone 96 
Sheet lead 233 


Shivers or spalls 102 
Shoes, Rainwater 301 
Shouldered face housing 1 88 
Shrinkage (concrete) 92 
Side gutter 241 
Sills 88, 89, 102, 215 
Slate 133 

Single Flemish bond 62, 63 
Stack system 310, 31 1 
Sinks 318 
Skew corbels 101 
Slab-facings, Stone 116, 117 
Slat? cramps 111 
in walling 131-133 
layifig methods 226 
Slater’s tools 230 
Slates, Interlocking 223, 224 
National 223 

Sleeper walls 77 # 

Slope of grain (timber) 142 
Slopes 8 
Smoke shdf 80 
Snow boardS r 247 
guards 249 

Soakers, Lead 243, 246 
Soflboard 200/203 
Softwood sizes 1 36 
stress grading of 141 
Soil (human excreta) 306 
Soil pipe 297 
stack 306 

Soldered dots 245, 249 
Spigot joints 278 
Solubility 37, 39 
Sop with Staff 10 
Spalls, or shivers 102 
Specification of lead coverings 234 
Spigot joint 278 
Spindle moulder 199 
Square, Slater’s 230 
Squint quoms 47, 68 
Stack 306 

l ‘ Staern ’ joint 305, 306 

] Staircases 219-221 
Stairs, Stone 113 

> Standing seam. Copper 252, 254 
Zinc 274 

Steel conduit. Electric 327 
frames (roof) 169 
lintels 87 

mild, angle trusses 174-176 
tubular trusses 169, 171, 172 
water bar 88 

Stepped flashings 241, 242, 248 
Steps, Stone 114 
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Stone, Cast 129-131 
Stone-cutting and phishing 123-129 
machinery 124-129 
Stone lintels 114 
stab facings 116, 117 
stairs and steps 1 14 
walling 103-108 
ware drainage pipes 288 
Stone work, Chap. 8 
Labours in 118 
Storm water 306 
Straight-edge, Slater’s 230 
Strawboard 232 
Stretchers 47, 59 
Stretching bond 63 
String courses 73, 103 
Strut and tie joints 365 
Sttutted purlin roof 143. 154 
Stub tenon jojpt 187 
Sumps 267 
Sunk work 121 
Surface water 306 

Surfaccr and thicknesser, Combined 198 


Tabled joint 363 
Tacks, Lead 235, 250 
Secret 250 
Tailing irons 102 
Tank, Water supply 277 
Tanking 77, 272, 273 
Tape, Steel 7 
T aps, Dra^<»qfl^yater 282 
Tarred hemp gasfc* 286 
T.D.A. trusses 156, 159 
Templates 102 
Tendeis 3 

T enoned joints 187, 188 
Tcnoner, Single-end 197 
Thermal insulation 91, 93 
Thicknessing 53, 54, 198 
Thixotropic paints 346 
1 Thimbles ’ 303 
Throating 102, 215 
Through stones 103 
Tic joints 365 
Tiles 231 

Tiling 228, 229, 231 
Tilting fillets 236, 241 
Timber, Chap. 9 
arches. Laminated 169 
beetle 139, 140 
connections 156, 160-163 
Decay in 138 

dimensions and spacing 162 


| Timber grading 141 
I ground floors 176 
| Knots in 142 

moisture content and shrinkage 135, 
| 163' 

roofs 144-163 

shakes, splits and checks 143 
Slope of grain in 142 
Stress grading of 141 
wap$442 

Tongucd and grooved joints 189 
Tooled work (stone) 119, 122 
Tools, Slater’s 230 
i Toothing (walls) 53, 54 
/Tracery vyprk. Joints in 109 
f Traps, Gulley 293 
i I riangulation 9 
■ T rinidad Lake Asphalt 265 
1 T.R.S. cable 329 
! Trussed rafters 156, 159 
Trusses, Roof 
, Concrete 167, 168 
1 Steel angle, Mild 174-176 
! - Tubular 169, 171*173 

Timber 157, 158 . 

Tubes, Iron and steel 276, 280 
I Plastic 280 

l Tubular steel roof trusses 169, 171-173 
.Tusk tenon 150 

jf T wo-Pipc System (drainage) 306 


Undercoats (paints) 345 
‘ Unimcr ’ tubular truss 172 


Valley gutters 242, 247, 271 
Valley, Swept 230 
Valleys, Methods of slating 230 
of tiling 227-229 

'alvcs, Croydon and Portsmouth 280, 
281 

Flushing 282 
Vapour barrier 75 
Vaulting 103 

Ventilation, Drainage 285 
Sewage 297 
■ Vent pipes 297, 306 
| w ciges, Slate 227, 228 
Vermiculatcd work 120 
' /Vertical faced walls 57 
JrV.I.R. cable 327 
Volt 320 
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INDfcX 


Walling, Chap. 5 
Moisture movement in 42, 43 
to framed structures 56, 75 
Slate in 131-133 
Stone 103-108 
Walls, Building 52 et seq. 

C avity 40, 81 
Curtain 75 
Durability of 37 39 
Loadbeaung 75 
Party 81 
Retaining 55 
Solid 40 
Wane 142 

Wash basins 317, 318 
Waste pipes 306 
Water bar 88 
cisterns 276 

rlosets 309 311, 315, 316 
disposal, Rain- 271, 294, 301, 314 
domestic installation 275 
heaters, hlecli ic 284 
heaters. Gas 284 
Hot, Indirect 5*> stem 28* 
storage 274 
supply, C hap. 14 
Cold 274-282 
Hot 282-284 
W.l , ste Water closet 
Wall 320 

Weather piotection 74, 267 
icsistance 41, 91 
Weathered loints 109, 1 1 1 
Weathering (stonework) 10* 

W'edges 149 
Weep holes 58 


Welded butt joint 305 
flange joint 305 ♦ 

Welt, Double-lock cross 253 
Hollow 241 
Welted nosing 245 
Welts and seams 239, 240 
Winchester cut (tiling) 228 
Windows 211 

Casement, Wood 211, 216. 217 
Dormer 152, 155 
Double Casement 217 
F.J.M.A. 213, 214, 217 
Metal 218, 219 

, Pivot, Standard 213, 214, 217 
I Sastf * Standard 212 

Wiped joint 278, 280, 305 
I soldered dot 245, 249 
Wiring systems 327 
Wood blocks 184 
primers 344 

, i oil (Copper) 255, 257 
(Lead) 241 
roof details 360 
1 screws 192 
Wood-wool insulation 232 
■ Woodwork, Delects in painting *5J 
Woolavvay concrete roof frame 167, 168 


' Zax 2*0 
1 Zinc flashings 264 
roofing 258-265 
Italianised 262, 263 
i Roll cap system 261, 263 
Standing seam 264 
, Zinc sheet. Specifications of 25') 



